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PREFACE 



NThe General Accounting Office has targeted manufacturing tecbfiology — 
especially small-batch manufacture of parts~for examination by t4ie National 
Cent^t^-for productivity and Quality of Working^ Life.." Small-batcti production 
imrolvin^^ainVy metal cutting and machining, is ecofiomical ly critical because 
of (l) .the/metUworking sector's significance to other manufacturing Indus*- ^ 
tri^s; (2) ^the ^apparent lag in introducing numerioally, controlled machines 
and other ap^t^riate technologies in many U.S* machine shops; and (3) the 
possibility o| achieving impressive productivity ^ains through a large-^cale 
shift to newer metalworking technologies* 

This report reviews the rTle of technological factors in metalworking , 
and the training required to adapt to nev metalworking technologies. A basic 
question is whether firms that have adopted the new techntxlogieB h^e en- 
countered substantial obstacUs in' training and developing fhe skills of 
their work forces. \ , 

Jhe' report is organized in three parts. Parts 1 ^nd II deal with tech* 
nblogy and training aod draw upon' several publ^ and private surveys and 
studies, plus extensive telephone and written coqtacts with knowledgeable 
.persons in industry, unions, trade and professional associations / and train- 
ing institutions. Part III consists af four c|se studies of training ^n 
metalworking. 



The-Center acknowledges, with-deep appregiatioiv, the frank and. thought- 
ful accounts 6f technological adjustment and training that were shared by 
cofpordte and union Representatives. Thanks also are ^tended to officials^ 
at the General Accounting O/fice, Bureau of Labor Statistics, the National 
Science Foundation, several editors of tecti^ical journals, ntembers of con- 
sulting pcgahizations, and officials of variot/s .prof ess ional and tra<3e as^- 
ciatibhs,. all of whom we^e extremely cooperative and provided Mseftfl data 
and insights. , - 

The, report was prepared by A. Harvey BeTitsky, a consultant to the Cen- 
ter. £dgar Weinberg, Assistant Director for Policy at the Cei^ter, provided 
direction in its preparation. 
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SUMMARY 

Two recent innovations — proerannaabt^ controllers and programiaable hand 
calculators — appear to meet tire rVcommendation in a General Accounting Of- 
fice 'report to develop meta>vQrk technologies, that^ will be "cost effective 
in the environment of sm^llf-ajQiKmedium-batch pdants.*' These innovations are 
considered / along wi,th the^^re familiar nuinerical control* jln Part I of tfiis 
report. / ^ ^ " • 

' Programmable controllers have long been associated with mass production. 
But they can also be used in small-batch production with stand-alone machines 
and as interfaces for numerical control, and they can dramatically reduce 
downtime. ^ * . 

The introduction of new control devices has reduced. training requirements 
for controller operators' and maintenance personnel beca/se machine failures 
occur less, frequently and the time needed to repair breakdowns i^s usually ^ 
shorter 'than that for earlier models. Operators cot "program^ in their normal 
language after an average of only 3 days training. Because operators are 
agtive-fy involved with the controllers, job' satisfaction appears to be high. 
The feasibility of io-house training on controllers is anojthet attraction for 
<some finns. ^ 

No major; capital investtsent is needed to "achieve the prpductivity in- 
crease that results from using programmable hand calculatprs. The calcula- 
tors enhance the ^ole A machine operators^ by making more use of their abil~ 
ities and judgment-. An engineer or even 4^C{^llege freshman or sop|^$j]jpre 
with a good mathematics background can piJepare programs for storagS^^ mag^ 
netUciitape, enabling an operator to compute^ Machining costs per pai^e^n a ' 
calcu^lator*and move toward an optimum cost levelt Technical expert^ielieve ^ 
programs can be^ass-^produced for use in small machine shops. Widespread 
use 'of the calculators could yield substantial cost savings in machining. - 

Part I also briefly considers powder metallurgy and "nontraditional" 
machining--ad<Iitional technologies that can be used in making metal parts. • 
Brief consideration also is given to other innovations that ^ay be the litiks 
between the machining of today and ttie even more advanced machining o£ 
tomorrowt ^ ^ ' 

. _ . « 

Part II deals with training requirements and sources of training and 
shows that skills present ix\, the work force may affect the kind of technol- 
ogy that is adopted, draining to adapt to some of the newer (anS even con- 
ventional ) ltechn<tlogie/s has been lagging, even though the skills needed to 
operate such innovations as numerical control (NC) do not exceed the, learn- 
ijig capabilities of the current Work force and of new entrants into metal- 
working. Highly skilled technicians are needed "for parts programing on 
advanced NC ttjols, and personnel with high maintenance skills are needed 



to keep the coatly and complicated equipment^ in, working order. However, mach- 
ine operators on all but the most advanced eqtftpment make fever decisions tnanr 
do' operators on trad?,tional equipment. « « 

Most training has been provided by the me talworking inse . Manufactur- 
ers' associations, machine-tool builders, and software firms that provide pro- 
graming for fitacbining have also provided some Jtraining. Educational insti- 
tutions outside the industry are other spurces of training. Fart II <Iescribes 
4lotne of ' tHfese programs: ♦ 

• Only abouC 15 percent of the metalworking firms survey^ by the Bureau 
of Labor Statistics provide structured training; the regt use only 
informal training. The metalworking ifidustry prefers hands-on train- 
ing on a firm's ovn equipment. * , 

• The traii(iing' provided by NQ^maciiijie manufacturers ^takes 2 td 5 days 
and is considered an important aspect- of .market^ing the machines. ' 

• More than^ 25,000, people have t3l(en a basi^ I-day NC tSrairiing, course 
provided by John A. Moorhead Associates at various, sites. An dnt^n?- 
sive 1-^eek courlie for NC c'oiSrdinsttlr^, afeo pVovidedTby th'e Moorhead 
firm, is sponsored by the N^tion'aLrtiaciiine Tool Buir<jt^s' Association* 

• Manufacturing Data &yste"ms Inc., tlie large^ provfdrer of ■ tifie^shai^j^ 
NC-tape preparatioa, systems, 'pfferia to .traih, ip a^Jl-rweek c<|^jrse, ^i^y 
"good machinisc'^'\«iPt)out_'programing ex^eriecice. - ' 

• The Machinabilit}^,D3ta Center has traini^d representatives frpm nuti^r-* 
ous companies ^nd^some government agencies in a 2-'day seminar on prac^ 
ticdl machining principles for shop application. 

• Training has also befen furnished by sevei:^! tr^de snd professional ^' 
associations. Tjie Society of Manufacturing Engineers sponsors various 
conferences and teaching materials to keep members abreast of improve-* 

mentS jjt _t e C h'nolr >gy. Th^ UitmpriAal n o i>tT-^J^1 5 of^i^j:y hnlHR nr<"aflinnaV 

conf^erenc^s and seminars for its members. .The Metal Powder Industries 
'Federation also sponsors conferences arrd inb^nslVe 2-^ ii)d 3-^day 
semii^ars. * ^ \ ' ^ ' - 

• ^ A survey of^NC technology instruction pVov'ided\ljy ^os tsecondar^ edu-*" 
^ cWional iris titut ions revealed that*insuf f icieivt instn/ction ''is given 
^ in^vneW technology, parpCcuJarly in the are^ of compu^Eer-aided manu^ 

fact/iring." . A4so, practical. applicafeion^h,45 ^en^rally. be^n atjsent in 
, col^leges.' Les^ than 10 i>ercent of the personnel employed in NC re-^ 
ceiyed their training^tronl educational^ institutions. 

' • Hennepin Technical Cfenter, located in.a stjbu/b 'of Minneapolis, is 

un ique , because it accommodates the technical 'requirements of several 
powder metallurgy firms in its own area and also_:of sortie firms in 
other States. ' 

• Some private vccltional schools offering NC-*related training found 
that employers place new, inexperienced employees on tl>j^ir oldest ' 




machine tools; therefore, their training concentrates upon such mach- 
ines. Other schools provide NC instruction because they have iden- 
tified employers who seek graduates with such. training. ^ 

The third and Eina'l part of this report' considers d if^ferent - forms of 
train'xng within four me talworking firms of varying size and technology. Two 
of the case studies deal mainly with sources of, and needs^ for, NC training. 
_The other two cases describe training for powder metallurgy and electrochemi-. 
cal machining. ^ . 

Kearney & Trecker Corporation 'has pioneered in introducing NC machines 
and machining centers. The firm also manufactures a programmable 
cycle controller ^nd equipment that minimizes maintenance (and there- 
fore training) requireme.nts • Training programs for purchasers - of 
; Xearney^ & Trecker machines are short but include responsibility for 
studying course materials sent out;' 1 month before the stdrt of.couyrsee 
in programing pr machine maintenance. ' ^_^J 



The focus in this case study is on training needed by employees adapt- 
ing to NC machines within a large metalwork-iPg firm classified mainly 
as a job-order shop. As for most technological changes at the firm, 
affected personnel were given considerable advance notice of the shift 

NC, and workers, did not resist its introduction. Employment and ' 
training changes were probably similar to those in other firms adopt-- 
ing NC. Employment did, not change much: fewer machine operators and^ 
somewhat more maintenance personnel are needed and some .employees have 
been shifted to the new occupation of programij;g. The ad jus tmerit ;of 
machine operator^ to NC was facilitated by using several) tracing 
machines^ or duplicators,, in training. About one-^tfhir^ jof the firm's 
electricians, including some wiih 20 to 30. years *■ experience 
the firm, enrolled in and completed four ejlectronics couirses 
equipment maintenance. 



A new technology may present a consjLdettefele ctfatlienge to 
Such was the casa^with -Lehr' Precision. Tools, Inc . » whose 
'offers some lessons in the learning needed^ to enable emp 
just to technical innovations. The president of Lehr anji the firm's 
other engineers work "shoulder-to-shoulder*' with their wprkers' to 
provifle training in challenging 'aspects of the job and^t 
ployees about tKe economic problems of 'producing parts 
tirochemical process. ^ 
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Merriman Inc.j'^in the absence of Ojitsi4e capabilities tt provide in- 
struction in powder metals technolS'gy^ has had to furn^h much of its 
training internally* Because, the set-up specialist is/of central im- 
portance in manufacturing powder metal parts and must ytiave consid^r- 
al^le skill, labor and management have recognized standards for qual- 
ifying training in a 3-year apprenticeship. , - / 
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PART I- CURRENT AND EMERGING , TECHNOLOGIES 

In metalworkihg 



Heohanical mfcerial removal was used with mn's first identifiable 
tool--the chipped flint knife. Wow — 2 million years latex — new 
. ^ inechanical material removal processes , are ^till emerging.' [4]* 

Machine tools, also called the "master tools of production," are used to 
manufacture a tremendous variety of patts and components for end products. 

Machi-ning.is the largest industry in the manufacturing sector; it accounts 
for more than 40^ percent of the labor-hours expended in manufacturing. More- 
ovext because machine tools and the parts they supply are basic to producing 
other '^durable goods, changes in the machine tool industry eyentually affect ^ 
virtually all other martufa<;turing. "Production shortages in [metalworjcing] 
can cause rippling effects in other sectors of the; economy." [55] 

A lO-yeaf projection by the U.S. Pepartment of Comm^ce stresses 'the n^ed 
for moderniSsing machine tocfls to raise pro<luctivity and thus enable the U.S. 
^netalworking sector tq cdn^ete in internatiQnal markets. A General Ac- 

courting Office (GAO) survey of metalworking recommends that the productivity 
of the technology used in manufacturing should be^ made va "national priority.'* 
[10] According jo the GAO survey, although ^ighly productive, metalvforking 
technologies have b^en pioneered in^ the. U.S., most of the newest technologies 
haye been applied only by, a comparatively few large American firmsf-'those in 
high-technolo^ or capital-intensinve industries such as aerospace. , :^ 

Metalworking industries consist of many small^ and medium^size firms. 
Even the largest machine tool builders are not large by American standards. 
Among the Psers of machine tools* less than 25 percent of metalworking parts, 
are manufactured "bj mass p'rodu^ctioo . It is widely accepted ,tbat some three- 
quarters of all p^rts are manufactured in lots of less than 50 pieces* t^early 
90 percentto^ the firms currently represented by the tiationdl foql, Di^ and 
Precision' Machining Association h^ve 45 or fewer en^loyees. Nevertheless, * 
the many 4^ii metalworking firms that produce ^nly in sm^ll runs or batches 
account for more than one-third of the manu fa cjgurin g portion of th^ gross 
national prod|ct. 




» ' ' ^ N umerica l Cdn^ro3- , , 

t^ume^ical control (^C)t developed largely upder U.S. Air Force sponsor- ' 
ship in the 1950's, has turned out to be a much more productive manufacturing 
tec'hnology for^the metalworking sector th^in the more widely used, traditional, 
manually operated machine*^ tools. * - ^ - 



♦Numljers in brackets r^fer to t\ie numbered list at the end of this report. 



'All NC machines — including th6 basic NC'machin'e tool, which is .controlled 
by (or recei'Cfe? instructions from) punched tape or other media*'intro<iuce auto 
macic Ciontrol ii^to metalworking. ' Although automatic control is usually associ 
ated'with large-scale production runs, NC is suita-ble for small tuhSj because 
it significantly reduces^sef^up time compared to manually controlled ntachines 
and allows different'parts to ie ipachiQed merely by changing a tape and reset- 
ting the too'ls.' Thu?, the econo'mic break-eye# poirfP is reached at smaller lot 
than with conventional, machines. . ^ . . , " 

' ' ^ , ' ■ ■ ■ . 

Conventional machine tools us^ only about one-third .of available cutting 
time> but because^N? ayows high-speed tool positioning, some two^thirds of 
available cutting time can be u^^ed. Additional economies are achieved with 
NC mact\ines^ Equipped witJh aistomatic tool changers that hold different types 
'of cutting tools.. These machining cente'rs> as they are called, improve pro* 
ductivi'ty by minimizing set-up time at the machine and by enabling an operator 
to control more than one machine^ . ^ ^ 

NC a0.so produces parts with greater reliability and repeatability than 
do conventional methods. Host errors a-re elimif^ated, so time andxmaterials 
are eaved. NC is especially effective in th6se situations in which human 
error occurs mos-t frequently: machining complex parts of high quality that , 
require many precise op^afions with varioilsr tools. ' In fact, some^complex 
parts can«)nl_y be produced with NC. The economies resulting from t^C can 
reduce unit labor costs by 25 to 80 percent. Human drudgery on.rapetitiv^ 
jobs is also reduced by using NC machines rather than mapual methods. 



Improvements in 'MC . 

^idap'tive control, an ^mport^nt innovation in NC technology, can increase 
machine productivity. It offsets such, factors as material and , process varia- 
tions and permits optimum cutting. The programer oc operator formerly per- 
fortited some of the functior^a now carried out by adaptive control. 

Hardwired NC, with a special*purpo^e compute^ , has also been united with 
the genera 1. purpose computer, a com£%ination many authorities consider to be 
as important'a^ the introduction pf the assembly line and interchangeable 
p^rts. This innovation has taken several forms^ . One is Computer Nn^meric^l 
Control CCNC), in which a minicomputer contrpls^.a single machine. Another is 
Direct l^umeric^ l.Control (DNC), in whicti [a computer) normally controls sev- 
eral different machine tools so' that more machine time is available for metal 
cutting th'an is t^e case with tape. Both CNC and DNC electroriically store 
HC data and> consequently, tend not to need a tape^readex to 4)ut the program . 
for the part into the machine tool. Because less electronic hardware is in- - 
volved in computerized systems, initial invc^s tment. and^ maintenance costs 'arje 
lower fhan for conventional systems. 

, * HC 'is considered the beginning of an evolutionary process in" manu factur- 
ing technology: ' ■ ' , " ■ 

[NQ is the-] primary and most prevalent function found in thj 
all concept wttereby the (^omplete preplanned and programme 
and production functions will be proces^sed> stored, and 
. executed with the aid of a computer. CAD (Computer Aided 




ana'CAH (Computer Aided Manufalcturing>\vill be the eventual out-- 
tcom^, and *1^C is just one phase in the overall applica^on'.of the^ 
computer in the^manuf a^turing and marketing process. I2l] 

\ ^ ■ ^ ^ V 

' At 4 recent conference' sponsored by the Am^irican Defense Preparedness 
AssQfidtiipn and the Society of Manufacturing ^nginee^s to review the Defense 
.Depirtmenc^s manufacturing technolbgy program^ more than two-thirds' of the 
.^participants identified. CAM and CAD as the manufacturing technologies most 
"^^T^ely to praise productivity during the' next 10 years. 

^ \ - ' ^ ^ ^-^^ * 

^ Utilization of NC . * 

■ . . ■ ■ * \ 

Despite its advantages^ KC is not widely used. The ai^rcraft industry 
uses NC mojre ttft^n any other industries , >ut in i973 .less than 5 percent oF 
^he industry's machine tools were numerically controlled. CAM isia^ed pri-" 
^ Eoarily by mediuoi- and large-sise concerns but most smalT firms, have not 
adopted even the basic NC machines. ^Lfess thapf one-f if t^h of the firms re- 
sponding ^to the 1975 GAO sdrv^y had one or jnore^NC machine tools, and NC 
tools reptesented les^^than 1 percent of all^^f^e machine tools they used. 
The GAO also found that approximatel/ hal'^ the firms surveyed did not use 
a 'compute> iri any way^ and ^es than 25 percent had a computer on site* [10] 

According to a recent American Machinist surv^V, Qply#about*3 percent 
of the metalcutting machine ^tools in the . nonelectrical machinery industry^ 
which represents about o^ie-^^hird of metalworking^ were numerically controlled. 
However, it is estimated that ^out one of every eight metalcutting tools , 
installed^ during the past 3 years was NC. The impact of ihp -NC^^achines on * 
industry productivity is much greater than their number suggests, however, 
because they are much more productive than manually operated topis* [251 

, The steady decrease in the size and price of C(>mputers is accelerating 

pr^gres^j^n NC te<i:hnolog^, and jnuch of the new NC capacity being installed 
is compifte^sed . ^Microcomputers (also called microprocessors), for ex'ample, 
sometimes have th'eir central processing unit on a single chip.' Because of 
their low cost, microcc^puters have been incorporated »in a larg^ share of 
computerised NC systems; 'they al^'o h^e bee^ applied to some very simple,' 
low-cost machine controls "involving manual data input. [25] Despite. these 
tej^hnical ad^ance^, some^^xperts considex.the hardwired better for some 
app|icat,ioT^3 than ^he computerized sysj!;ems, which' require operating programs 
or software* [25] * ^ ^ \ ^ 

* * * . 

The GAO report, assessing the prospects for application of more ad- 
vanced automated technology in the mid-I^SO's, concluded .the conditions, 
methods, and processes of metalworking. ..may not differ drastically from 
thos^i tound during [the GAO] mid-1920's survey.U [10] Although the intro- 
duction of NC ipachines is likely to expand at a moderate, steady pace, many 
small firms feel intimidated by the new technology* These firms will^proba- 
bly continue to use manually controlled machine tools/,. at leaat until they 
oyercome th^ii; apprehensions by learning what is involved in.pperating, main"* 
•taining', and .jfepairing NC machinery. [65] One authority ^^>cOnvinced that 
NCf can be successfully applied in companies employing as 'few as six persoi^, 
but,;he advises that NC should not be adopted without careful study and 

' ' ; ' ■ : ' 



planningrr^ of ^conipetition arid a hunch that' HC will 'succeed are not suf-^ 
fi<iient i^easpnB to convert. (40) 



' ' ' Prog^cammable Controllers " ^ 

' ' ^e GAD stlidy .called, for developing "n^ methods" and refining "t^ch ; 
existing technology. . .so that it will b$ cost effective in the environment 
of the small'and medium batch,' plants. " (10] Programmable controllers are 
among the innovations that- deserve to be considered^ though they may iiot be 
directly cqB^etitive with the %ore established MC. l^he projgrammabl& control- 
ler (PC)/ also called a, programmable logic controller/ is an iinprovement . 
over previous ,har*/ired control systems. PC is defined by the National 

Electrical Manufacturers Association as 

♦ 

i| 

a digital eleci^ronic control apparatus using a programmable mem- 
ory for the internal storage of instructions Whi^ch in^jlement spe- 
cific ^functions such as logic/ sequencing^ timing, counting/ and , 
arithmetic to control through digital or analog'input/output mod- / 
ules various types of machines or processes. (57; 58J ^ 

PCs vary considerably in sophistication. The sitt^lest are sequence 
(or cycle) controllers with a stepping switch, which permits one step to be 
taken at a time. With a, drum-type stepping switch/ several' steps can be 
taken at a time. Operators may "program" in their own language or that-of 
a pegboard. Sequence is not a problem with modern solid-state oontrollers/ 
.which may be considered minicomputers. A "hidden digital computer-like^^ 
device" relieves the user from having to learn how to program a 'general 
purpose computer. * 



^bor Factor in P C IDevelopment . 

The modern-era PC* with its programmable logic/ was introduced in 1969. 
Relays, which were costly because considerable labor was required for wiring, 
debugging, and maintenance/ were replaced by first-generation PCs. Because' 
PC failures occur* less often and the «time to repair a breakdown is usually 
shorter/ firms using PCs realized savings by reducing downtime and by elimi- 
nating costly training for operators and maintenance personnel. Declining 
* electronicis costs "and greater computer use later led to-the acceptance of 
second-generation PCs. Some ^!ls have had t^^o additional benefits:^ Opera- 
tors remain actively involved in the machining process, and the level of job 
satisfaction is felt to be improved. . ^ , 

According to Professor Te'rry Taebel of 'the General Motors Institute/ only 
minimal training is needed for operators to 'adapt to PC^. Minicomputers are 
programed at the factory to accept'the graphical language formerly used on 
relay systems; unlike HC/ the controller hasjonly a few buttons. Engineers 
who have worked with a relay system can be idrained in 1 4^y; Those without 
recent^relay experience require about 3 days of training. According to 32 PC 
manufacturers/ training ranges from t to 5 dayS/ with 3 days the most common . 
period, draining, in most cases/, is held at the controller manufacturer's 
site* (51) 
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There are "two parallel trends.^. in the PC mrket^ .one [is] toward ^ 
smart PCs to handle the increasingly complex demands of installations like 
transfer lines and materials-handling systems, and the other [is] toweu-d , 
PCs aimed at low-cost/ st'and-alone' relay-pait^el replacement." (SCO j::ontifol- 
lers can be used fpr ^^^s production^ as well a^ for batch produnt>ion with 
small; stand-alone machines. Programing for either is easy, and flexible. 



PCs are primarily used in automobile manufacturing, but^'they^e a^so 
iit5)ortant in processing industries, and recently they have been used ii 
energy management. PCs have been used in metalworJfing to manuf acture^sbme 
rather complex parts* but they are sometimes resisted on the grounds thM one 
machine Is as good as another^. as long^as the maqhine makes parts. This Vi^w 
ignores the contribution that controllers can make to metalworking produc\iv- 
ity. For example, downtiiSfe on traditional machines is high, and this'is 
accepted as a natural condition* controllers, however, can ^reduce downtime ^y^ 
as much as 95 percent. 



In some metalworking firms, PCs have been used as programmable machine 
interfaces for NC systems. In one machine topi apprlication, "each tool 'in a 
synchronous metalcutting machine with 85 tool groups can be changed at dif- 
ferent interyais^nd at different times. A PC keeps track bf how close each 
tool was to 4^quii'ed replacement based on dumber of parts made." [16) 

■ ■ . V , * - - •- * 

One firm prefers to ^pply PCs to small machines by using a standard size 
controller for several machines, becajjse PCs offer ipore features, greater re- 
liabiJLity, and cost much less than a minicontroller for each machine. ' "We 
have put controllers/ on weltiers, die cast machines, punch presses, boring^ 
machin&ar''^a\ch processes, ^nd other 'types of equipment." [31] "A DetroiC 
firm with more'thm 12 l^C machines plan^ to introduce its first PC on a ^non-^ 

-Cincinnati Milacron,/ a major machine tool manufaq,turex/,i^ci ded th^ ^ ^ 
allying a hardwired, solid-state c^fentroller ,w^ith some conventional machines j 
would^have substantial advantages. Its first controllers — the Cincinnati 
>lila^mi Variable Cycle Coni(^ller (VCO~were delivered in 1974. The VCC is 
. identified gene^rically as a memory logic controller. In contrast to the PCs^ 
which ^re designed for longer^ runs, the vcC contains a memory that ^car\ be 
set up for any nqjnber of pieces ^requiring two or more axes of movernent. 

Among the benefits Cincinnati Milacrpn claims for the VCC is th^t ,ij^ can 
bridge the gap between conventional and NC machining. Like NC, it aut^^JPfittes 
a machine, but it does not upgrade a machine; as a result, none of the inhe^r* 
ent XJexibility of manual operati6n is lost* VCq provides manual 'machines 
with speed ^(reduced times for set-up and part cy.cl'e) and accuracy oott^arable 
to NC, but it costs less. VCC-produced parts are more consistent in quality 
than those produced by manual machining, vcc is effective in making parts ^ 
.thanltegdire from one to three machine tools, with movements ^jflone sequentially, 
and in malH^ngTia^^ts^that are simple to mejjium in complexity. Although VCC is 
not adaptable to conjfex-^rts demanding considerable tool changes, slopes* 
circles, and arcs, some VCC^-^^iave been bought by aircraft make^rs for low- 
volume production of parts. 
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WCCs ace used^ to make a variety of hydraulic^ control Valve stems for 
ea^tjjpy^/jjvg equip(^lent manufactured by the Caterpillar iffractar CompaAy* The 
VCCs have k capacity of ,^6 evehts> and they are used for small product\orf 
batches* Productivity Jias Increased. . an operator ca^ .now tend two milling 
machines 'instead of one'* A Caterpillar machine fehop foreman, reported that 
he is most iji^ressecj by the improvement in the guality^. of thp t>arts produced 
as a result of the -repetitive accuracy possible with' the VCC^ { 5^ J - 

According to an engineer at Cincinnati wilacfon, the VCC ^dan bejvaseful 
in overcoming the problem of finding skilled opera.tors for milling machines* 
With the VCC, joperators do n5t have to write. any prpgrams^^nd can use th^ir 
normal language. ^The VCC n be depended on to -*reF 
chine has b^en *^tauSht'' the operator's shill* *^ 



imember/" after the ma- 



PC iiosts* 



PC^prices have decreased sharply^ largely because of the introduction 
of microprocessors. Because some^ simjgler controllers^ cost. $2,000 or'even 
,lessj. it is ^feasible for traini^n^ i^nstitutiOps to offer instruction in PC 
technology* 12; 32] ^ - ^ =* 

PC sal-es have increased substaKti^fttLy xn racent year's and are still grow- 
ing* According to some ^>bserver.s> fiC aal^s .could sooa^greTatly exceed those of 
NC* 'others believe -that .PCs are more likely to continue as an interface with 
NC rather than as stand^aTon© machines^ excf^pt lUrhere cqmpj^ex cycles have to be 
performed over an-d again. The argument \z th^t PCs are -not cost effective for 
small-batch ptodCiction> but that HC is> because it is^ constantly reprogrammable 
to make engineering chaniges* An -^ng^BS^^r at Bridgeport Machines^ indicated that 
NC's flexibility in makiryg changes motivated- his company to adapt a PC to a 
conjjpUterized NC machine^ rather ^th^n offer a PC by itself or with a convention- 
al machine tool. ^' . " 



Progra mmable- Hand Calculators 

* ' * i' 

Hand calculators are another low^cost technology with potentially wide 
^applicability to me^alwork machining. Drr Milton C» Shaw and colleagues at 
Arizona State University^ and CarnecjLie^Mellon'University recently developed a 
>ce*ss^ using programmable hand ^calculators^ called Manual Adaptive Control 
), a form of adaptive control in wAich th^ operator is the sensor and 
^ce Between calculator and machine'. Because of the time and skill they 
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Iculations for MAC neejd to be m^de by* engineers . However, freshmen 
res with a good mathematics*' background, but little machine tool 
are now being used in tlFiis exercj.se at Arizona State University 
e-Melloh University. _ ^ ' ' ' 

MAC hksr shifted- .the emphasis in .metalworking in two ways* ^ Greater use is 
mad^ the operation's^ ability and Judgments and no major capital investment 
is needed* MAC is tribst easily appKed to^mas^ produ^:tion^ but shops ^of all 
s'izes can benefit because the prograrif's are simple> the calculators ar^inex- 
pensive> and products that seem* different can be grouped* 



E^ch machining 'opefation — whether it l*s tfurning, drilling, milling, or 
grin4ipg--^hds an optimum, pV&duction rate that leads to minimum machining cost 
p^'r Pi^rt* For example j in- a turping operation, speed is the va.raable to be 
optimiz^ed with rega^rd c^st. To minimize cost,ithe, feed should be as large* 
as feasible, taking inter accVunl surface finish, vibration, horsepower avail- 
able^ too 1 breakage , etc. Many other Pperations- req^uire opt^i^miaatipn for 
only a single .variable. \OEtenj the operator needs, only t;hree or four trials^ 
to optimize cost* for a, single^ variable. 

f .In* 

^ 'Low*-costj magnetic strip, gt-ogrammable "calculators could res\jlt in con- 
^siderable^ savings^ *Th6 econooiy.^tf nd accuracy of MAC were ^jsupported by an ex- 
periment which Unvtflved determiniiig an optimum course. by independent calcu-^ 
lations made by MAC and "by a much costlier computer program based on testiftg. ' 
Although large^ shcFps, could ^generate their own programs, rela^ivei'ly general 
programs could be iii^s produced fof us^ in sijna'Uer^shops., Jhe Kachinability 
Data Center in Cincinnati .sells programs fcfr machihing-cost/aPd production- 
^ time analyses at a modest price- [5A; 8) Ifith a handheld Hewlett-Packard*^ 
calcSJatorj a user (typically an engineer ).■ cati ■ input cut, time/ and/^ost, data 
and evaluate the effect of speed, feed, and tool life on machining cost and 
production time. ' * - * " 

In' two case studies^ Dr. Hilton Shaw and l^is associates found MAC .saved 
up to 25 percent in machining operations.^ IE MAC were applied to one-third of 
tber estimated $60 billion spent annually in machining/.nationwide, an average 
having of only 5 percent would total _$l*bfllion per yearc ^ 

MAC also benefits workers by allowing machine operators to take part in .- 
the decisionmaking process during optimization, thus leading to more job sat^ 
isfaction. MAC c^ould also le^d to the development of a work-incentive system 
based on the numbe^ of parts produced per unit oE.time and on the .value of con^ 
sumable t^^ing required to pl-oduce the[^ 

A National Science Founda'tion graOD made possible two , successful MAC ap-. 
plications involving grindingn^ , Another NSF-funded 'project will apply in 14, 
cases in small and targe companies. These applicat.ions will cover a wi< 
range of machining operations and ^industries, and results wiLl be recorded , in 
a casebook of typical MAC' applications. -This casebook ultimately will Jserve 
as a textbook to lntro^<3uce" manufacturing engineers to MAC. Xt is' anticipated 
that a training^organization will be set up to offer. 1 or 2 weeks ofycrairiing 
to prepare engineers to write specific programs. Machine operators would need 
only minimal on-the'-job' training.. 
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Additional Technologies for Making Metal Parts 



Tlie* new methods^ of cont rolling ^ach ine tools cafr raise the productivity 
levels of KC machines and traditioTia;l ignachine tools. Some other ney ±echno^ 
logied that are developing use noncradit ional met^hods to TO^Tc^'^^tal parts. 

Powder Metallurgy . , , 

Unlike other metal^forming techniques, powder metal (P/M) parts are shaped 
directly from metal pgwders. In the P/M princess, metal powders are blended and 



Jbhe mixture is pressed ander great pressure.* in a pireciisiort die* a^'f^*^^ tenr 
p^r^ture. After the part is ejected, it is *sintere|i ^ (heated) a¥ teflaipejf'atures 
of\^re than'2J&0Q degrees Fahrenheit to bond the, particles*. ^ , ■ . 

Mthough metals in powder form have been used for centuries* J'modern pow- 
^ der meta^llurgy came ii>to its^oy^n^ during world War II arid has since been g^Qw=- 
ing more i^apidly than other m6tal-fabricating processes.** Although, sonte^ P/M 
parts do not need to be mach/ned, some are, machined or are otherwise treated. 
P/M-has a strong productivitiy advantage because it eliminates major -secondary 
machining and trim and roacllining waste, an especially important factor '>/ith 
high-pri6ed superalloys aM titanium. 138] 

P/M is a fast, higki-y^olume production method; it produces several hundred, 
to several thousand parts per hour.^ Although labor input is rather low, some ^ 
skilled machine operator^ are required* as well as highly skilled set;-up and 
maintenance personn^ 

, Most P/M parts weigh less than 5 pounds? howev^er, parts weighing more 
^ than 1,000 pound^'can be produced by special techniques. More than 60 percent 
of all P/M parts are used in making automobiles. These parts are being sub- 
stituted for castings and stamped assemblies. P/M is also used in the appli-^ 
ance* agricultural equipment* business machine, electrical, electronics^ and 
mact^ine tool industries^ In addition, E/M parts have markets in aerbspace - 
(with its relatively low production quantities), nuclear, and still other in- 
dustries.^ Because p/M can produce complex and unusual shapes that are imprac- 
tical to make by other processes^ P/M parts are promising for surgical implants 



\ 



Nontraditional Machining . 



Nontraditional machinj^ng has been defined by Guy Bellows as "new material 
removal tet?hniques-that have emerged since the early 1940's.'' [4] Although 
noht;raditional processes chango rapi<31y, ^1^'ows identified 26 of them' on 
the market in 1976. These c^n be grouped 'by the kinds of energy they use — 
mechanical, electrical^ therryial, or cf^emic^. 

. ; , ^ 

Some of the factors tls^a'^^/sparke^^ the demand for P/M parts also led to the 
development of ^nontraditional processes^* These proc?%eses use less material 
from tougher ^nd more costly alloys to isake better and^'more durable parts in 
mo^e cdmplex shapes^ The alloys used are more difficult to fabricate and have 
only a smatl fr^'tion of the machinafeility rating of the alloys used with ^ r 
other methods. Nontraditional material removal processes make it possible to 
manufacture §co^mically component parts that ^re difficult, if no't impossible^ 
to pake otherwise. ^ . ^ * ' 

The aerospace industry initially exploited these new processes, but tliey 
are now'common in the automotive indu^ries and, to a lesser extent^ in appli- 
ance manufacturing. Broader ihdustrial , application is anticipated fg>r some 
of the ^proces^e.s. 



More Innervations and the'?uture . , ^ ^ - 

Other important innovations Wy be the links between the machining of 
today and the more advanced Eitachinrng of tomorrow. A recent ias^e of Hanufac* - 
turing Engineering highlighted the following, new technologies: horsepower 
monitoring, sig'nature analysis, the Caterpillar Tractor (CAT) adapter^ and 
improvements in tool materials. 115] 



Horsepower monitoring is used for^adaptive control, and it alao^as non**KC 
applications, especially in cases in which tool breakage is a seri.< 
For example,, ho,rsepower monitoring can replace the humajv-rtT'TnlXstening^ to 
a gun-drilling operation for likely difficulties and breakage. 

Signature analysis is a "form of status recognition based on trends." Acous-. » 
tical signature analysis, for example, pan be used to detect bearing ,fai lures 
at their onset. The process works best if the signature is kept in micro** 
processor trremory. 
. 

The CAT adapter is a simple device, but its long range impact may be as signi- 
ficant^ as that of numerical control. There were formerly more than 30 adapter 
makes, but now the machine tool industry is standardizing on the CAT adapter. 
The CAT adapter significantly reduces cutting-tool inventory reqtiirebents; 
this is especially beneficial to the small user of NC equipment. [l5X 

, ■ ■ » "\ 

Newly (fevel,oped tool materials are an exceptionally important area of t^fcl^no- 
logi^^l improvement. Thoirgh a single*,;^^iversal cutting tool would b^ Icieal, 
this g^al^ wilt undoubtedly ne^er be realized, and choosing appropriate. tool 
materials'*wil 1 continue to be essential. When one recognizes that the perfor- 
mance of an extremely expensive machine tool largely depends on its $30 ei^d 

mill, the impor Can^^ ul Li r u " e ieh - ti ' ' material becomes apparent. 146) 

<^ * ■ > 

• Although cemented tungste4;L^arbide inserts will continue to bemused, 
the. price of tungsten is rising. This will ma^e' the coated ca-rbides, 
which were intr<?^lirce<l in 1969, increasingly attractive because tKey in 
crease productivity and potentially save downtime and" inventory fosts. 

♦ GiveVi their many applications, coated carbides would be more widely 
accepted if there v^ere not a confusing array of di f ferent coat ings and 
combinations of: coatings and substrates. In addition, many machine 
tools lack the speed-and-f eed capability or tbe rigidity to, benefit 
fully from coated inserts. 
\ * ' , ' 

• Ceraniic inserts also have certain advantages over tungsten carl^ide: 
They can, be applied to nonferrous materials, nonmetal lies , ^nd super 
alloys, as well as to steel and cast iron. ^ ' 

• COMPAX tool blanks — industri^F'diamorf^ blanks produced, iy General Elec 
trie — also are available for machining nojiferrous ^-foys and nonmetal- 
lic workj?ieces. Th^ longer tool life, high^ machine productivity, 
better part quality, an^ reduced scrap rates ^of diamond tools have re- 
duced manufacturing costs. ( 18) ^ 

• There- are also new work materials, including advanced composited such 
as borori/epoxy and graphite/epoxy. Because the new materials can he 
formed into components requiring fewer fas teners , thari ^letals do, they 
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, "[i are ec6iloinica| ^iii/'d^sign;an<l labort Moreover^ these materials are' 

' 6,0th' s^roag in6*\i^\\tweig^lrit\ they caa take considerable abuse and 
' '^\^till rciquire less mdintren^hce than metalt Although most application^ 

have been in/the aerosp^be'ie^stry^ t^s prices decline material pro- 
■ ' ^ (hiCErs expeat 'tO seb- md^^e applications- ia^ the production of leisure 
^^r' \ -it eras and 'sifc'h 'industries as automobile manufacturing '^'^ 
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Towarfl'the^ Coy^uter-Autogtated Factory ^ 



^AccoT^diqg to 
pf l|e Irtternati 
<y)itfpute.r'*autoi3iat 
of this/<?entury t^' 
approached, by tji^ 



aur^dy^ of . the ^Americarf and foreign* sc ienti3 ts and, engineers 
al Institution for Production Engineering Research (CXRP), 
factOrj^es *^r,will be a Eull'^blcft/a reality before the end 
f39l The ultimate object ive^-^^the automated factory--will be 
industrialized riBtions of the world through such "vieble, 
Economic stepsy aa.'^'inte^'rated manufacturing software systems, group tecljnol- 
ogyv'cellulett; .manufacturing, computer control and mul ti-^tation mant^fa^tturing 
systi&mdv" 



7 ' t 

CIRP ha^ explored economic and social ince*nt>ves for establishing auto- 
mated factories *for batch-type matalwork manufacturing! Economic incentives 
include the higher pAductivity to be realized by reducing the time thaft parts 
are in prcrce^^s iruthe shop and by increasing the time th^t machines afe^(!sed>-" 
Social' incentives include the upgrading of job quality. The international 
experts in CIRP feel that aut-omati^ji would provi^^ safer, healthier, and more 
satisfying jobs, with greater employee participation in decisionmaking4 

. CIRP ^recommends education and training to prepare for ^h& automatiop of 
factories: keeping workers an-d educators informed , as the evolution toward 
the automated. /acbory proceeds; educating and training^^management orr the, 
technical, economic, and soci'al aspects of implementing the new technology; 
"providing more worker training in repair and maintenance; and provi<lirig more 
and better formal education about computers, software, and autOTna^^^gj^hich 
emphasizes the versatility students will ne&d, to meet changing career situa^ 
tions^ [ 1 7) ^ ' . ' . 
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PART II. * TRAINING REQUIREMENTS AND SOURCES OF tRAIHItId - . 

The hnnd of metalworking technology that a firm adopts will 'be partly de- 
termined by the .skills o.f its work force. For example^ an Ailr Force logistics 
center decided against KC equipment/ simply because moSLt center's ma- 

chine operators were experienced with conventional tools. ^mo^Jier obstacle to 
change is t^e inadequate supply, of manufacturing engineers iHined in nonttra- 
ditidnal methods. * , 

The skills required to operate innovative machines. su^p as^NC do not ex- 
ceed the learning (Capabilities of either the existing Wor^^ force or 'new entrants 
into metilworking, but training in both new and cbnvenCiosnal technologies has 
been inad^uate. . v . " 



Skil 1 Requirements for HC 

Except for the most complex NC .machines, tools eliminate the need for 
highly skilled nnachiile operators. In fact, shortages of skilled machin^ists 
and machine operators have, to an extent, actually accelerated ^the introduc- 
tion of NC machinery in both this country and Japan. t61] Ai^coijdtng t;o the 
tr:aining coordinator for the National Machine Tool Builders Assb£iation, some, 
firms, in the pastj used their best toolmakers or most skilled machinists 
when introducing an NC machine, because they incorrectly believed that workers 
of th^ highest caliber were needed for such expensive and productive machines. 
Certain facilities probably still are failing to b^iie|4t, from NC's ability to 

use less skilled operators. . - . ^ 

f 

This does not mean that using NC will elijninate 'the need for drained, per- 
sonnel. ;t{ighly skilled technicians are required to maintain and service NC 
equipmant>^^n4 trained programers are needed to write NC programs; some ob- 
servers even reel that graduate engineers are needed to prepare the computer 
programs.^ [53] 



Part Progrd'oier Skills , 
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According to the U.S. t^partment of Xabor, the new technical po^ibion of 
part programer for ^C require! mathematics, the ability to visuaUize' objects 
and motions in three dimensions^ and an {jnderstandiag of cutting and tooling 
principlea* [62] A General 'Accx^unting' Office survey found that programers must 
be able to derive » from engineering drawings^ the data "to program the numer- 
ical calculations to control machine movements.*' [lOJ. Skill requirements vary, 
however. Pijog^raming for the simplest form of NC, which involves a point-t6r 
point machine tool, is relatively simple and requires' only the ability to read 
engineering drawings and to understand machiiting. But toolmakers being re- 
trained today on advanced NC topis do need more knowledge of programing, mathe^ 
matics, and computer sciences than they woulcl have needed in the early years of 
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HC* (At least one fiijm which is applying Cincinnati Mxlacron's Variable Cycle 
Controller utilizes its work standards pe^rsonnel to write programs^ The ,job^ 
which is inuch simpler than that of NC pro'gramer, is performed by employees 
who are not college graduates*) 



'Machine y&ol flperator Skills ^ 



A trade journal fceport on NC ascribed the revolutionary nature of fUC 
tools to the replacement of machining methods which draw Upon precise ''opera- 
tor* [motor] skill and intuition'* with " an entirely conceptual document:ation ' 
[through programing] of all machine motions and functions needed to machine 
a workpiece > " [21] 

^ ■ 

A 10-yeat^ld study that ^crmpared the skills of machinists on NC with 
those of worke^rs on conven^ehal ^chine^ also concluded that NC operators 
could be less, skilled thanj^conveni^ional operators. [26] .Although operators 
haa the mapual^ d^icterity to operate HC machine^, it was found that certain 
operatora might benefit from specialized training in tape language^ display 
codeSf and p^d^ram sheets to increase their perceptual skills for machine roon- 
itoring anel conwptual skill *to handle much more symbolic information. It was 
^Iso found that NC operators had .to make substantially fewer decisions than <5o 
Qp^rators of conventional -machines* According to ^he U*S. Department of Labor, 
Np michir^e tool operators need less knowledge because tapes are programed to 
control speeds /*fee(is . and wiath and depth of cut. 

' However, op^ratoi^s need new skills for advanced NC equipment that allows 
, functions whic^ previously cgu^^ not be performed practicably. Thus^ the job 
of *a worker who operates two^C lathes (and thereby raises productivity eight- 
fold) is not like that" of a converjtional lathe operator. According to the 
presXdeitt of a firm that manufactures sophisticatec^ machine tools^ $uch a ^ 
worker is less a machinist than a "machine mana<^r * " [6j Workers in capit;al- 
iritensive aqtomajt^ed system^ must h& able to d4al very quickly with unexpected 
ana varieia di^f f I'^ult^es; maivi^^al initiative i^ needed/ rather than the usual 
foirm of supervision. In fact, initiative snay even ^e the snost iit^^ortant "skill" 
operators ^^houl^^ii^v^^ * 

Maintfenanqe Slsills . ^ ^ - i 

. ' ' ■ 

NC machines are expensive and have complex control i^stems; i>reventive 
maintenance 4s hece^ary to assure their optimum use.; Prev^htive maintenance 
mechanics* should be trained in the technology of electronics^ and have a work- 
ing knowlgtige^of hydraulics, pneumatics^ and, of^ course^^ mechanics. PreveAtive 
maintenance is simplified if hardwired systems^ with-their many printed wiring 
boards, are re^i^ced b^ microcomputer NC systems, which allow "...resident, 
pushbutton-actuated, _ boardlevel *self-test circu:^J:s,with direct visible feed- 
back. -.of circuit xritegrxty.*; {19] (Preventive maintenance* and reliability 
control will be on the agenda of the Fifth Wo^rld C&ngress on the Theory of 
Machines and Mechanisms in Montreal, Canada, in Juiy 1979.), 

It is noteworthy 'that an engineer "feo ha^ applied programmable control- 
lers to small machine topis believes controllers can be simply maintained^ 
if, in the design of tjfe control^ system, the program p'taced into a machine . 



■ . ■- 1 

takes oi^iqtenance into account by making it feasible to troubleshoot the 
machine easily if it^is not operating properly. 



>rainfi 



Shortage of Skilled Workers 



According to an Industry Week survey of manufacturing indu^trie^ » -80 pen- ' 
cent of the responding nohelectr^cal machinery manufacturing plants reported 
' shortages in skilled workers. (13l. The most severe needs were for machine 
operaurS} mechanics^ electricians^ and tool and diemakerjs. More than half olE 
the 1^2, res^ndents reported Shortages in skilled workers, but none reported 
majorf problems in finding conputer operators or programers. A GAO study con- 
firmed shortages of skilled 'machinists for conventional loachine tools. Qual- 
ified loaintenance personnel for equipment are alsp in critically short 
supply: In 1976, 35 percent of the job listings In WC CQMMLlHV were openings ^ 
of thj.s type. ^ ^ ' " * ' 

Various explanations are offered for these shortages. One is' that experi- 
enced loachine operators are leaving their craft/to be trained as part prograia- 
ers. . Industry '^Week cites manager resistance to on-the-job training^ relating 
^ co$ts for this to the- 1974-75 recession. According to sfjokesmen for the Na- 
tional Tool, Die and Precision Machining Association, large companies in other 

^industries have^'for some 20 years been pirating employees from the sitaller, 
skill-intensive toolmaking' firms. Apprentice training is lagging, and it has 
been maintained th'at^ if minority members and women would forego high current 
earnings in production-line jobs in order to train as machinists, ultimately^ 
they cQuld realize a greater payoff as skilled journeymen. The state of th e 
labor market also has other economic implications. Because of the lact ofi"^^ 
'^^^^fikilled personnel, one aircr4ft manufacturing supervisor estimated th^at 
must hire 20 percent tnore -^people to get jthe job done.* Moreover, as journey- 

* men have been **deskilled" by splintering their responsibilities, pride in the 
job and productivity have suffered. ♦ ^ 



^ " Training: ^Response to the Worker Shortage 

The sbortaga of skilled workers, rather than impeding technological , 
ch^nge^ can be S^alt with by training and/or retraining. Several European 
metal. firms, for example, prefer to train local workers in the firm's plant 
in a^nother country, rather ^han adapt their proiduction methods to the skills 
of available workers. '!29l • ^ 

t ■ ' 

Training is'^ necessary for.NC programers — who, because of nons tandard 
equipment, must le^rn several languages and machines — and for maintenance 
workers. One user of NC tools es'timates that controls have changed so radi- 
cally* that many m^ntenance personnel are 3 years behind the latest technoL- 
<5gy* E^™s tha^ rnurt subcontract their maintenance because they lack iu-house 
trained personnel incur costly downtime* The Oil^ear Company of Milwaukee 
spec-ifies similar controls and spindles on itj' n6 Eoachines to standardiz:^ 
spare parts, servicing, and tooling and thus simplify maintenance* The elec- ' 
trical engineers, electricians, a^d mechanical ^supervisors trained to service 
the machines are taught the fundamentals of maintenance by NC, tobl builders. 



-13- 



Training is offered by the industry itself* Metalworking firms offer 
on-the-job training to update present ;OTiployees and apprenticeship and other 
training for new employes* Maclf^-ne tool builders^ software firctis (in pro- 
graming)/ trade associations^ ^nd educational and training institulfions out- 
side the industry 'are also a source of training.* 

Structured Training . ' 

.The 'Bureau of Labor Statistics during 1974 surveyed- structured training 
program^ forM4 skilled manual occupations in four metal industries: fabri-- 
cated metal products^ nonelectrical machinery; electrical inachinfery; ' and 
transportation eqiiipmeftt. [63J Excluded from tjie(^^urvey were the most common ^ 
forms of training: learning through work experience and informal and casual 
training* The statistics should be viewed witK caution bec^ause standard 
errors (whifch measure variations that arise by chance) were high and the sur- 
vey was unable identify important changes in training methodology that some 
firms adopted. Only. 15 percent of the surveyed establishments provided struc- 
tured training irf'^he or (ocrre of the 14 selected skilled occupations, of the 
nonelectrical machinery establishments* 18 percent offered training — the high- 
est percentage among the four industries. Thg greater the number of employees, 
the more training was offered* Of those^ in training/ 71 percent were in qual- 
ifying^ programs; , only 29 percent were enrolled in structured^ skill-improve- 
ment programs. Of the establishments that offered structured traXning^ three- 
fourths evaluated their ^programs periodically ^ usually by supervisory feedback* 
Trainees followap, examinations, and outside evaluations were used much less 
frequently* Nearly '85 percent of the establishments with structured training 
did not have a specific training budget. ^ 

The reason most often given by employers for providing tr'ainin*^ was that 
this is the best way- ]ob s^cills can be learned, and {according to an official^ 
of the National Machitie To^l Bui Iders ' Associa^jflon ) there is a definite injius- 
try preference for providing in7house/ hands-on training on a firm's own equip-- 
ment. Another reason w^s that employees had inadequate educational and/or 
training backgrounds*. Th^ sufficiency of informal traiiring was the main reason 
for not offering structured training; the small number of s}cilled 3obs ^to be 
filled was another important reason; other firms preferred to recruit workers 
wRJrwere already trained (by others), and one-fourth of the establishments 
* lacked the capabi lity* to provide structured training; 

In 1977, The Conference Board/ Inc^, published the results crD its survey 
of industry's training methods* '[34] More than 600 companies, . from industries 
accounting for about half the total private employment , in the l/i^ted States* 
responded to the survey. The results indicate that corporate training efforts 
are characterized by practicality, and a c6ncei*n for minimizing educational 
outlays*' _ Corporations prefer to use short-term courses (including learning 
.modu les ) , ^'self-study materials* and operating specialists and ma nagers, rather 
than prdfe:fsional* educators. ' - - 

^ ^ *. > * . > ' ' ^ 

Training ftodules ^ 9 j!j^. 9 ji!? ?^^^ Milacron. 



Many aspects of training at Cincinnati Mi'laclroTi may typify education and 
training programs by corporations with 500 or more employees* Cincinnati 



Milacron has. recognized that ^training must cost effective and a-daptabj^e 
to changing needs. The firm^s training effort has aJlso been influenced by 
expansion and improvements in public vocational education within the firm'^s , 
central manufacturing area. Milacr<3n's training is responsive to changes in^ 
machine-^tpol technology and *to such new technologies as minicon^suters/ micro- 
circuitry/ and NC systems/ which 'are related to ttve firm's diversification' 
rnto other fields/ including plastics. 

The firm shifted away front general training in toolbuilding, because it' 
could mean training wqjald '*go on .forever. ** it also was not considered eco- 
nomical to continue using a centiralized training facility owing to the rapid 
changes in equipment and techniques. MiIacron*s shift from ''vestibule" train- 
ing to the use of existing^ in-place equipment during downtime* was not perma- 
nent. During the middle of 1977, in Response to a /leed for more workers to 
accommodate demand for much higher production^ Milacron *resuihed vestibule 
training on^urplus or third-shift equipment. The firm also wanted to be 
^ble to accept more women 'and minorities into machine operator and assembly 
positions. The vestibule setting has served to introduce inexperienced per- 
sons into the' shop environment to Vaise their retention rate as regular 
employees. [34] 

^ Milacron*s training is based on careful diagnosis of and prescription for 
indivi^lual/t raining needs. An important training tool is the jnodule, which 
is *a "u]f(it of needed information and/or'Skill that has been translated into a 
unit of'study." Milacron is building a library of modules, adding new modules 
and removing others according to its continuing redefinition of need. Mila- , 
cron's training modules meet this requirement by including b^haviorally de- 
fined objectives and a specific performance standard as an evaluation device. 
[47] According to a report of the National Center for Productivity and Qual- 
ity of Working Life/ evaluation is an important feature of training programs^ 
because it is likely to engender a greater commitment to training. [41] 

,The modular technique is used botVf for new hirees and for curr^t emr 
p4,oyees who are receiving technicaj. training/ especially in, machine operation; 
it* will be extended to management development and education. Milacron's Per-, 
sonnei Development Departments which is responsible for training/ contit^uing 
education/ and customer training operates with a much smaller ^^^^^ since the 
'Shift to module training. 



To reduce high turnovet among new employees/ Mila«on. developed a machine 

operator shop-learning , program/ which gives hirees a bettCT understanding of 

what they are doing and of its relationship to the other, work of the company. 

Formal training lasts for about 4 weeks, however/ an operator may be in a 

learner category until the required performance level is attained, sometimes^ 

as long as a year. Continuing education and training are considered important) 

for all company personnel; supervisors are heavi]Ar involved in day and ev^ningl 

programs/ which usually last a week. 7-^ \ 

* . 

Apprenticeship and other Qualifying Training . 

, The National Machine Tool "Builders Association favors apprenticeship 
because many skilled tool And diemakers will soon retire ^thfiir average ape 
in the St. Louis area/ for Wxample/ is 55) and because many graduate \ 



apprentices ultimately bex^e^ supervisors. Apprenticeship ^nd other qualify- 
ing training are costly and, of course, do not imrne^iately alleviat^ ^ho^rtages 
*of skilled workers. ^ ^ .^"''^'^ 

Some firms have cut back on .apprenticeship training gn the grounds t\^^'\ 
many mact)inists work almost exclusively on on^ly* one or, two machines and that 
apprenficeshipi which usually takes 4, years, is not cost effective. The Fed- 
eral Bureau of Apprenticeship and Training caT> (in its approved apprentice-^ 
ships) shorten the period if trainees are sbow'n to be' able to progress more 
quickly than in the prescribed {periods. Apprenticeships have inqreased in 
Illinois since several firms got" the tra^^ging period for machinist apprentices 
redu35<^d to 3 years. * ^ ' * . ■ 

i\ . . . 

Cincinnati Milacron's machine*-trades apprenticeship's listed as a 4-yeat 
program, Jjjiit it carries ^t'he equivalent , of 2-^year associate degree in evening 
school. Two-^thirds of the ptogram is job r'elated; the other third is aca'^demic. 
Hilacron has also had college cooperative students. These students generally 
develop into tecfinicians, but also may Become j'ourneymeti and supervisorgf after 
they recei\Ae their associate degrees. , ^ J ^ \ /"^ 

DeXroit has. considered instituting a joiht-^employer Approach to apprea- 
t.iceship and other f^rms of qualifying training in Order to meet the nee4^'for 
machine builders^ machinists, and machine operators with , traditional skills. 
The program, ^^hich would resemble th^- cooperative training ventures the'con*- 
stru^tion industry has ^-iifiHertaken in' response to it^s highly fluctuating ,em~ 
ployment, wouTd be conducted by the Detroit Machine Tool Personnel Associa"' 
tiony a group of 16 f^rmi^ Eonic, Inc., is typical of these firms. It is a 
job shop with about IS'O employees. The firm does not have a major product 
line, which makes it^ifficult to preset production loads and to support a 
fonnal apprenticeship program (although the company did have one in the past). 
The association may try to deal with the problem by sponsoring a program as 
a concerted effort* ' ' v 

^ The multiemployer approach to training has also" made some progress in ^ 
DuPage County, *HU, a suburban area west of Chicago. Employer^ have actively 
supported the machine tool operation program offered to high school students 
by the area's public vocational education center. The progfam reflects some 
employer preference for moving away from a formaT apprenticeship program, 
which one employer claims "only teaches, experience, not Knowledge." It is' 
hoped that coop^eration between the school and'-empioy^rs can expand this pro- - 
gram to include adult trainees, . , . ^ 

Since 1964^ preemploymen t training programs^ conducted by the Nati^n^l 
Tool, Die and Precision Machining Association and funded' by the U.S^^^Oepart- . 
ment of ^abor, have enrolled nearly 12,000 economically disadvantaged^ unem- 
ployed > yor underemplt>yed trainees* The programs consist of two 12-week phases. 
During the first phase, trainees *spend 35 hours a week (f^ve ■7-hour days) in 
school. Three hours a day are devoted to acquiring background skills — shop^ 
math, blueprint reading, shojj theory, and so fo^th; the remaining 4 hours are 
spent learning £o ope rate machines— dri 1 Is, mi 1 Is, lathes ^ grinder 4. Trainees . 
receive $65 weekly,* plus a nominal travel allowance.* \ 

i . • ■ ■ ■ 

During the second phase, trainees work for local fttetalworki^ig plants. 
Trainees are registered under State apprenticeship regulations^ and receive 




Some 



on-the-job^>c;aining during the day* aad related training in the evening- 

employers give^^tr^ainees who successfully complete the .program a 2^-weeIi' credit' 
on' a 4-year apprent'iceship. ^ ^ . , 



Training for^Machine Tool Purchasers . ^ , ' ^ 

According'ffto one survey, 66 percent of the.persojis working with NC sys- 
tems were trained Tn-hduse. (3] One out of five of ^h6 Vorkers i^s trained^ 
by manufacturers-^16 percent by- equipment loanuf acturers and 4 pefcent by ijonr 
trol roanufacturer'sy^bo view training as a very impertant aspect of marketing 
their macH^hes. ^ ^ 

. Training costs to' purchasers vary. Initial maintenance training is in- 
cluded in tHe purchase pri'ce of NC machines. Charges for training progr^amers, 
"pl*anners; and liaison personne'l var^r^with the policies of supplier^ and in^ 
house capabilities. [11] Thravel' expenses and wa^es paid to employees during 
the, training pj^rio^ are major, cost items. ^ 

, ^ ' ^ \ > / , ■ / 

According to a surVfey by American Machinist of some 50 suppliers t^ho .pro* 
vide most o^f the AC systems in North America, training Ganges from a half da^, 
in a smafi numbed of cases, to 14 days for maintenance training, 'in one in* 
^ance. Programers * training averages- 3 days; operators*, neai^ly 2-1/2 days; 

^ajt of maintenance persons^ 5 days. In general, training periods on 
lardwi^^dsystems were very short; more sophisticated systems took longex. In 
only a few^iastances was>training provided on a purchaser's site; apparently, 
TOOst training *ts^rovided at the factories that make the Systems. ^25] The^ 
disttibutors ofv^rt^^Li^port machine t^oqls (and probably other distributors aV 
well) send out factory^trained instructors^ when a purchaser cannot ^attend tt>e 
manufacturer's training sessions or when enrollment. is at a maximum. ^ 

^ .■ ^ . 

The vice presidents of mark'eting crt Kearney & Trecker^Corporation feels 
that, in the case of a large MC system, machine ^nstal lation 'should occur in 
lanned phases along with intensive tt^i/iing^ He suggests that NC machines, 
Lch ^can be operated with a punched tape^ be installed one at a time, so that 
^ can gradually become acquaints with the machine's capabilities. A 
■tie materials handling system*could be introduced next^ and finally, 
rect numerical control. [43] , 

{ ■ . ' ' 

Soroe*^thought land effortfl^ve been devoted to the problem of distribjting 
information on the characteristics and operations of NC machines. Until about 
3 years ago, a Connecticut cfoncerji used a few m^b^ile displays and mobile ma* 
chine shops with NC macbinesjto demonstrate its product to small machine shop 
owners and their personnel^ this was very costly. ManV managers oif smaller 
firms learn abwt NC through seminars, but the tra i-ning \flvaildb le fron^-ma^u^ - 
facturers of -NC equipment, is jirimarily for actual rather Vha n prospective 
purchaser^. ■ ^ ^ . , - ^' 

' ' Jack l/illiams, of the Illinois Institute of Technology Research ,Insti- ^ 
tute; 'is among^^ose who have, been trying to secure support for a national 
demonstration site, which would be an economically feasible means'for small 
companies to learn aboutfrtbe new and different -technologies of many manufac- 
turers. The SocOjetyi^of Mapufactui^ing Engineers and the Robof^^s^tute of 



America have discussed establishing a site modeled after European trade 
centners/ where manufagturefs cou],4 display equipment and'offer training. 



. Trainfhq^ Programs^f John A. Moorhead Associates . 

^ This organization^iat its Lawrence, Kans./ facility and other sites, has 
provided NC training tori^re than 25,000 persons from more than 7,500 private 
firms and government agar>6ies. Many trainees have been managers 5ipd supervi-* * 
sor^respon^ible for a^jor part of a plant* personnel from tool rooms, sales/ 
programin^t/, and^t>^c*^^sijig also have been trained. * Recent enrollees^ have been 
macKine operators learninW the entixe^C process, induing progtaig^^jftg. 

Moorhead^'s basic NC'course is only 1 day long. X^rge con^nies can.ar-* 
range for two classes/ wiu^ 30 people in each/ which can also Incl^ude employ- 
ees, from another^^n^ny. A^Clients have been firms of all sizes/ from General 
Motors and General Dynamics to plants^ en^loying as f^ as 40 people*. Son^ 
universities also have used the conrs^. These classes havje b§en attended* 
maitily by people frojn industry; occasionally, faculty members attend but only 
rarely do students. A, general knowledge of machining is a requireii(^ent. 



^ ^ Moortfead also c^^nducts an "NC coordinator course/" sponsor^ by the Na- 
tional* Machine Tool Builders Aaesociation. The course/ which is described as 
a "^unique combination of training and private consulting Services," has been 
likened to a Berlitz language school approach that force feeds NC con-^ 

cepts for 5 days straight." (661 ^ prior NC khowl^dge is assumed* The 
course could be worthwhile to a firm ^ontem|5lating the use of NC equipment or 
to one trying to icnprove its present NC use. ' . ' 

The course begins by identifying the specific production needs of enroll-^ 
ees, and is conducted in a highly individualized way. Enrollment averages 6 
and never exceeds 12^ persons. Evenings are devoted to' study with preparation 
for the following' day 's class. The textbook for f!he course is in looseleaf , 
form/ so that it can be readily revised; Enrollees keep the 600-page book as 
a useful reference, and it is kept up to date with mailouts. Follow-up serv- 
ices to graduates also include free consultation by telephone or mail/ useful 
information— for example, on the training of programers', their job functions, 
and the typ^s of people ijho make the ^est programers--and .guidance in choosing 
maintenance personnel* About 70 perqfent of the req6ests^ from NC coordinators, 
are for technical information; most- of the remainder are for advice on the 
purchase of NC machines, ' \ ^ 

Training Programs of Manufacturin4w,Data Systems/ Inc. 

— • ' ' V . .. 

Manufacturing Data. Systems/ Inc. {MDSD, of Ann Arbor/ Hich./ is the larg- 
est provider of time-shared NC tape^preparation systems and related training 
for its customers. Time-sharing, which was first offered in the summer of 
1969, is on a pay-as-used'basis, ^making it accessible to small an^ large fi'rms 
alike'. Some 2/000 metalworking firms, using more than 10/000 NC machines/ are 
served by MDSl . 

The shift from manual programing to some form of computer-assisted pro- 
graii\4^ng can be 'r^de after a firm acquires from one to four NC machines; t^e 
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shift 16 invarid'bly inade after the fifth machine is iiCquired^ when writing 
workpiece programs by h^nd becomes too' time cpnsumin^g^ ^ T^ime-sharing 'services 
allow inetalworking companies to move itito cbmputer-a^s'isted programing with 
the sniallest possible investinent and in the sh^test possible time. 

KDSI runs l-rweek training courses 'throughout the year for its COMPACT 11^ 
processor language customers. Classes are small, aVeragig^ 10 persoris. Writ- 
ten materials sent to trainees^ prior to their arrival for the course are not ^ 
only to instruct, but also to remove concern over working with a computer on a. 
time-sharing basis. Classrob^n instruction is partly in learning the, COMPACT 
II language and system use and partly in actually communicant ing 'with a com-' 
puter to develop programs for te;st; parts. Each trainee has a graphics plotter 
that is used to simulate a machine tool and detect err^ors in cutter-path pro- 
graming and costly tool c€lli^iQ;^ns. PG3;chase'of such a plotter for in-plaift. 
use is also ai^^ option. Instructors have devised special ways ,of working with 
unusually fast or slow studert^s. * ' 

MDSi has trained about'4,500r people from ^letalworking; approximately 
2)000 of these b^ve returned for an a<fttitional course. About, 85 percent of 
the enrolLees have a high school education, and soma also have college cred- 
its.! About 80 percent of , those recfeiving MDSI training become iqvolved in 
programing. Of these, three-fifths have had" experience in manual programing, 
or another programing* language. The remaining two-f if ths~machinists or ma- 
chine operators—have had no previous programi^ng experience. The^'^20 percent 
t/ho do not become programers are supervisors, managers, and owners. Half[-of 
the' trainees are in the 25 to 34-year age group; the remainder ^re aboiyt I 
equally distribute^ within the under-25j 35 to 44, and 45-year and above age . 

groups. * r-^ ^ ^ 

* * ' ' t ' . 

Courses are conducted in Ann Arbor, Dallas, Houston, and Los Angelas. 
If de^sired, traiiiing for six or more employees is also offered at customers* 
sites. MDSI also conducts training in "group technology*' at custo^rs' plants 
This consists of 5 days of training and 1 or 2 days a week of followup for as 
long as 60 flays. 



KDS'I^lso provides an advanced 3-day programing course on a scheduled 
basis. Iftladdition, low-cost timeysharing for educational institutions vith 
NC programing training^i^ furn^>*»^, and includes up to $^00 a iijonth free 
use> and a 50 percent discount thereafter, on a terminal at any time after 
5 p.m. More than 90 institutions have .already si^ed up for this service. 

^ . 

Some firms have* found it cost effective to move from NC time-'lstiari^ng to 
in-house programing. For example* Eonic> Inc.> now use-s only a^alaried pro* 
gramer and its own computer to make' tapes and corrections. Eonic\continues 
to use MDSI for backup, and it still uses MDSI*s training servic^ 




Maciiinabil\ty Data Center Seminars . 



The Machinability Data Center- ^n Cincinnati, which is sponsored by the 
Depar^tmen^ of Defense* collects, evaluates, stores, and disseminates* infor- 
mation on all phases of machining technology. The purpose of the center is 
to reduce the cost of machining'^and , to ancre^se th^e productivity and depend- 
ability of machined pCdducts produced for various Federal agencies and their 



contracfors; 'machining data are alio available to^private industry. The -denfr 
ter'a information is , tranaf e;irYed tg user& through technical inquiry services^ 
preparation and sale of report? on "machining data. on new materials and ne^ 
machinipg methods, and a seminar program. ■ 

. ^'HfiDC haa conducted more than, fiffty 2-day Seminars. Seminars are scheduled 
for the middle of the week to accommodate small firms whose personnel, mu^t set 
up production on Monday and on Friday., when materials are usually shipped^ 
Normally, no more than .40 students. are jencolled at a time. Topics ^a re intro- 
ductory, althjough NC^ computer-ai^ed desi'gn aT\d manu^facturing, and nontradi-. 
tional machining processes are considered.' Attendees also learn about ,the 
availability of machinability ^dala f rom ^the center.- These data can be very 
important, for instance, in deriving-7f rora very hard niateriaLs--parts that are 
thinner and of higher quality, than is possible with older mechanical processes 
It was pointed out during the sejninar that even a simple milling operation in- 
volves 2f3 different variables, ancl .the fastest machining rate may not produce 
the bfest production rate. " , , , » " 

NearlJ 2,000 representatives from more than 800 companies aijd government 
agencies in 40 States have attendejd the HDC seminars; most are degree and non- 
degree engineers, but athers;are "shop^supervisors, KC programers,^ estiiiiators , 
manufacturing managers, production planners,* or machinists.. Attendance counts 
as 12 credits toward the Society^of Manufacturing Engineers' recertification 
program. ^ ' * ' * , * ' 



■ Professional atyd Trade Association Training Programs . ^ 

The Society^ of Manufacturit^g Engineers emphasizes the importance^ of con- 
tinuing education. It sponsors semicfars, conferences,^ and short courses. It 
also makes available educational/mat^rials,' such' as technical reports and 
videotapes, on NC machining, material forming, electrical and electronic manu^ 
facturing^ nontradi tional machiriing, energy conservation^- industrial robots, 
a"T)d lasers. One of the technical reports is entitled "Training Peopje for 
Manufacturing Jobs.'* 



The Numerical Control Society holds occasional canferencos an4. seminars 
^both'for its members and for nonmemberst Ip 1978, a 2-day seminar on numer* 
ical-*control tooling was planned for presentation at six locationst 

The Metal Powder Industti^^^ Federation sponsors conferences and inten- 
sive 2-* and 3-^day seminars on ^(Th «kjQcts as bas io. powder metallurgy (P/M). 
P/M tooling/compact^ngj and i^tpper copper-base* P/M materials. 



Training in Educational Ins ti tut ions. 
° r-3C*— 



Accoi*ding t.o one stujdy, postsecondary educational institutions do not 
provide sufficient instruction in "new technology, particu^la rly . . . in computer- 
aided manufact(tringt^[ 3] In 1974tonly 9 percent of all NC personnel ha;l been 
trained by educational institut^ons-?3 percent in universities, 2 percent in 
vooational^technical schools, and 4 per^4nt in juni^or and community colleges t 

College Training . Significany course offerings in NC were provided' by 
universsicies in only eight State's and by junior or community colleges in only 
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fiv^Statea. Most of the trainin^'^timV was devotted to manual part programing, 
and little time was, spent on computer programing for HC^ Only a few univer- 
sities provided^ instruction in economics, equipment selection, just ificat ion 
and sim^^lrar management-oriented aspects of NC. * 

Although KC machine tools were introduced in the 1950's, public* education 
did not deal with the technology until 1965, when' Automatically tr^rammed 
Tool (^T) , a standard computer laaguage for HC tools, was introduiid. Col- 
leges have been discouraged, "by equipment costs and/or a lacV,^ technological 

. information, from te^iching NC'^related (purses. KC programin^'practices, tech- 
niques, and lan^«i,ages differ widely among industrial and educaiit)nfil institu- 

, tions, and practical application generally ha$ be^n missing iif cAlege*level 
instruction. Some engineering sci;^ools have dropped shop and hands-on training, 
and some engineers attending the Ifachinability Data cfent,er seminar- were so 
janfamiliar with machine tools and machinery that they ^id not know the differ- 
ence^ between a dri-H f^ress and a lathe. 

Instruction in technology could be made more relevant. Controlled 
teaching, experiments have shown that NC manual programing and NC control^ main- 
tenance .could be taught with abou,t equal effectiveness by using simulated^tJC 
equipiDent instead of^ t;he mucii ^piiore costly actual NC equipment. t> ' 

Hennepin^Technical .Center — A Special O^se . A training program set up in 
1971 at the Hennepin Ocunty CMinnesotaT Area Vocational-Technical'Center, a 
public education iii^tituWon, may still be the only one in the country that 
is geared to meet the manpower requirements of powder^ metallurgy firms. The 
center' is located in Brooklyn Park, 'a suburb of Minneapolis-St. Paul. 



The program, which produces technicians rather than operato];s, consists 
of 2j640 hours of instruction dur,ing a 2-year period. During theJirst year, 
students wbrk with actual equipment and learn hcfw p/m parts are produced. 
Almost any p/m part can be produced at the center's metallurgy tes.ting labo<- 
ratory with its four different presses an^ two .sintering furnaces. The center 
^Iso teaches students to set up and maintain equipment. Training takes place 
in an envitPnment as fl'ose to an actual plant as is possible, and each stu<)ent 
works for several weeks,, i^ turn, as press operator^ furnace operator, set<-up * 
person, inspector, expediter, and foreman. During the hours not splent in the * 
shop» &jtudents study mathemati6s, techi&i<^al writing, drafting, electricity^ 
hydrauMcs, machine-shop familiarization, and basic metallurgy. 

Duriag the second y^A^y most oTE a,student*s tim^ is spent in more tech"- 
nical ar^a&, includi,ng tool design, advanced metallurgy, metallography, chem-* 
ist^ry^ statistical analysis of data, manufacturing problems, material testing 
&M specification, failure analyses,, and statif mechanics. Supervisory train- 
' (ing is also of feired. ,Each student chooses. a major project elated Co materi- 
als, processes, or chronic difficulties asst>ciated with p/n and produces^ ^ 
report of publishable'qu^lity. (Selected papers have been printed ^nd are* 
available from 'Precision Hfetal Magazine orji.O. Smith Company in Milwaukee, 
a manufacturer of powder metals.) 
/ . ' . ' ' ^ ' * - . . * . 

^ Most of Hennepin's students axe not yet in the labor force, althbugh some 
ate sent by their employers. Because Hennepin is unique^in ?JH training, em- 
'pioyers from all over the, country come to interview its graduating students. 
Ccnjipetition for graduates is so keen'--softe get more than eight job offers-^that 
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students hesitate to accept initial offersat graduation time. More than 
90 percent of the center's 60 graduatejs have been placed as set-up person- 
nel, supervisors, and planners, and in engineering, research and development, 
sales, and production control jobs. * 

Private Vocational Schools. 

These schools are k^nly concerned' with pla(?ing their graduates in jobs. 
EnroILees, for the most part^ are^young — usually recent high school graduates. 

^Training is^co'ncentrated on. older ctachines, because those are the ories to 
which graduates are most likely to'be assigned when they are first hired, and 
because of the *roinor percentage of N</machines in operation-^ Ai^ informal 
telephone survey and examination of catalogs of schools accredited by the Na* 
tional Association pf Trade and Technic^ Schools disql^sed that some offer 
training only on conventional or basic machines; otherS provide at;, least an 

introduction to NC^ machining. 

The 26^week machine shop "program at the Industrial Trade School in 
Dallas does not .deal with because school official'^ are convinced, 
on the basis of discussions with potential employers^ that people 
trained in basic machine operations are in greater demand. NC ma- 
chinery varies fro^ one giake to the next, so employer^ prefer to pro- 
vide t-heir owa training on their own machines. 

• The Allied Careers" Institute in Haz^ Park, Mich, (-a suburb of 
Detroit), has a 28-week program wftftch is IVkot at all into WC." Its 

/ experience has been that graduate/ ^o are 'provided with the basics^ 
can be trained on more sophisticated machines by their employers. 

I 

• The Ranken Technical Institute in St. Louis provides computerized 

r , NC training because it^considers these skills "basic -Co the modern 
plants" in which their graduates are pladed. 




the ITT Technical Institute^in Dayton, Ohio, about 4 percent of 
the credit ^hou rs ' in a lOO-week associate degree progr^am in tool- 
engineering technology dealsWith KC. 

' _ * ■ ' 

The J.M.^ Perry Institute fn-* Yakima, Wash. has a 2-year machine' 
, technology pro^rannr* Students spend 2 hou^s a day in the classroom 
'and 3 in the shop. The shop is run like a business and accepts a 
limited amount of job-order work. The school has one NC machine and 
'plans to acquire another smaller, simplser tnachine for" training pur- 
poses. It has no computer .becau&e h it feels that sje^idents only need 
to'learn WC basics to ptepare them for more extensive training on 
their'employers' atachinery. ^ Gra*duat^s have been placed in jobs 
throughout the State^ including both small shops and larg installa- 
tions such as the Hanford Atomic Energy facility. Bec.^iSi^ graduates 
are considelred to be better traine^d than the typical entice, 
unions often grant them 1 to 3 years credit on an apprenticeship^' 
and some become journeymen direct-ly* ^ 
' % 

The Na-tibnal Technical Schools in Lo$ Artgeles offer machine shop pro- 
grama without NC, a 6-month program in. general machine shop with NC, 



3. 5*mbnth program in NC and tool and ^iemalcing, and a 27i!Lonth program 
in RC machine pperations. 

The Willi^8on Free School of Mechanical Trades in *Hedia, ?al, offers 
a 3-year machinist program. In the final year, students (accepted 
at a minimit^m age of 16) are introduced to point-to-point programing. 
The school has facilities ^or making tapes', and although it has no 
computerized equipment, ^tudents get into coptinuous-path programing. 



The "World oi- Manufacturing" Program, 



More than 5 years ago, the Society of Manufacturing Engineei^ (Sl>ffi) be- 
came involved in an industrial dechnology program in the public schools as a 
way of helping to*maintain an adequate supply of trained personnel in manufac 
turing, incluc^^ing metalwprking. Preparatory studies for the program were begun 
in 1965 by industrial arts experts at Ohio State University. 

The "World of Manufacturing" program (as well as a "World of Construe 
tion" proraram) was developed fo;: th^ junior high schools^ using^a $2.5 million 
outlay frSn the U.S. Office of Education. Th^e SME contributed $25,000, plus 
resource ^nd advisory ^personnel. The program-did not require large initial 
outlays because already-^existing shops and hand' and measuring tools owned by 
the schools could be used. 



Unlike vocational education^ which aims to prepare some studenta for 
entry-level joJb>s and advancement in a particular occupation, the World of 
Manufacturing program is designed to'^provide young people with the techno- 
logical literacy they will need to cope with change. It was also felt that 
students might plan their careers more intel liTgently by exploring the intrin- 
sic and monetary rewards of various blue-collar occupations. * (A public school 
survey^ in Milwaukee disclosed that less than 3 percent of the high school stu- 
dents ^hose factory work as their firat choice. The careers^f machinist or 
machine operator ranked rather low, ev^ though Milwaukee is known as the 
Machine Tool Capital of the^'world.) [60] 

By conservative estimate, AOO ,000 students in more than 1,000 junior 
high schools completed the World of Manufacturing program between 1971 and 
1976- [9]. Host of the programs last 1 school year (185 hours) or 1^ semester 
(90 hours) but shorter (6- and 10-^week) programs have also been provided^ 

In view of the promising beginning In jitnior high schools, SME decided^ 
to t ry to get a mor^ sophisticated version of the course introduced into high 
schools. N^ME hopes that all high school^ students can be exposed to a pro^ 
gram of atNleastyf ive 1-hour classea pei^|[^eejt for one semester. Many school 
systems in MicKigan already have a ^year program in high school, as well ^s 
the l-^semftter program in junior high school. 

SME contracted with the same Ohio State group that prepared the World of 
Manufacturing* textbook, (35] to produce a feasibility study on implementing a 
high school manufacturing education program. No U.S. Office of -Education 
funds have been made available for this program or for an adult education ver- 
sion in which Federal educators had also shown some interest in 1975. SME 
chapters hav^ aided several comrnunities--including, among others, Indianapolis, 
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South Bend^ Fort Wayne, Evansville, Altiion, Cincinnati, and Dayton — in eStab- 
lishing^a career exploration program b/ financially dpohsoring teachers who 
wished to attend workshops. ' ^ - ' v 

The *'Open Road** Program . 

. The li^ional Tool, Die and Precision Machining Association has suggested 
tl^t pu}>lic high schools along with employers should assume responsibility'^'ft^ 
skills training, particularly apprenticedbip training."^ The Association pro^ 
posed to the Department of Labor a [jrogram designed to provide ^a long-t^rm 
solution t^ anemplbyment in the United States. The program would he aimed 
at llth^ and 12th-gradfe high school students not intending t,o go directly 
to, coLlege . 

/ > . ■ ■ 

Under the proposal, arv industry advisory committee woald make an annual 
survey of job n^eeds in communities. ^Aptitude testing and counselinjg would be 
used to guide students in their career choices. Prospective metal^rking stu~ 
dents, for^^xample, would need '\..high loatK ability, above average powers of 
visualizing spatial relationships, above average mechanical aptitude, [and] a t 
normal or above l.Q." Counselors would remain involved with selected junior 
and Senior year student's, who ideally would be ^broadly representative of all 
students, including women and minorities. ^ \ \^ 

The program would also provide for oversight cominittees, made up of em- 
ployer and labor representatives^ to work vith the schools, monitor the program, 
and^^during the summer before the 12th grade-^place students in curriculum** 
related jobs. Before graduation, a faculty committee and an industry ^advisory 
committe^- would consideif .student test results and other evaluation criteria, 
and then offer students permanent positfions starting at the level determined 
by the evaluatorsC Students who pass all'^prpgram requirements would receive 
credit for 2 ye^rs of apprenticeshipy—afiS^ other students would get appropriate 
credit, ^udents who fail tcr qualify for apprentlceship^in the higher skilled 
trades would be placed in machine operator positions. 

Initially, the program would not 'offer instruction in NC technology be- 
cause it is considered too advanced and not needed by high school graduates 
starting their careets in metalworking. Furthermore, most schools have no NC 
equip6ient. This is not ^ real deterrent, however, because at least some exper- 
iments indicate that using a simulator to t^ach concepts in a high school 
industrial^ ^rtrf program is not significantly different in result from conven- 
tional approaches to ^^bhing numerical control. [3j 



, , Loan of Equipment to Schools . 

V 

Th£ Sefenee Industrial Plant Equipment Center, Memphis, Tenn. makes a 
very limited amount of industrial equipnfent, includitig machines, available 
on a loan basis to nonprofit schools^ u^ainly technical-vocational centers and 
community colleges. Although the machines are useful to teach theory, 
they are usually behind the state-of-the-art.^ Eveh so, an official of the 
center knew of instances in which persons trained on s^ple machines were 
unable to secure jobs because small shops had not , converted* tb ,HC machines, 
even simple ones. ^ * , . - ■ , 
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Some ntanuf acturers of advanced NC equipment lend it to educational Insti- 
tutions and occasionally provide instructors^ particularly when they want to 
{:rain people on machines that the manufacturers expect to sell to private 
firms t 1 ' 
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PAOT III*^ CASE STUDIES IN TRAINING 



Thj^e four case etudes describe training programs in four metalworking 
firms that vary significantly in size and technology. The studies report on 
the following:^ " , - w 

1*. Training provided by the Kearney & Tr^ctter Corporation for purchasers 
of its NC equipment and machining centers. ^ 

' 2^ Training provided in a sizablf metalworking concern when it conv&Xed 
^ its workers to NC machines. 

3. Measures taken by Lehr Precision ToolSf, Inc.,. a small job order shop, 
- to assure stable en^loyment and motivate its workers to train in tra- 
ditional and electrochendcal machining*^ ) 

* 4.^ Measures taken by Merriman Inc., to train its work force in-house in 
powder loetals technology. 



Kearney & Trecker Corporation: Machine Tools and Training , 
Operations * 

^ Kearney & Trecker (K&T) ^was founded about dp ypars ago in Milwaukee. It 
manufactures and ^ells such metalcutting machine tools as milling machines f 
NC machining centers, special puirpose machines, flexi*ble manufacturing systems 
and computer-aided manufacturing systems. The company also remanufactures 
older machines. K&T machine tools are used , to produce parts for products rang 
ing from hand calculators to earthnoving wheel loaders. 

t 

Standard milling machines ^nd nc machining centers (including special 
products) usually account,for more than 85 percent of.K&T's total sales and 
revenues. In receftt years, K&T has sgld at least twice as many nc products 
as sjbandai^ milling machines. K&T's N(^ machines range ^ price from less than 
$125fODO to more than $250fDDD/ its flexible manufacturing systems can cost 
several million dollars. ^ ^ 

Product Innovation . 

■>* 

K&T was an early force in the development of NC machining. In 1957/ it 
produced the first NC machine 'tools f or -use in high-speed aircraft pi^oduction. 
In 1958, the con^any developed the first NC transfer line. That same year/ it 
introduced the ''revolutionary" Milwaukee-Matic machining center; less than 10 
years later/ it .delivered its thousandth machining center. In 1965/ K&T pro- 
duced the first NC high-horsepower vertical profilers for hard znetals. 
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^ During the 1970s, KfiT placed on the market (two models of its Milwaukee^ 
Matic machining. center featuring computerized numerical control (QJC). ^-phe 
smaller model is considered especially suitable for small job shops; it pro- 
duces small'' to medium-^size workpi4ces. The larger model can accept produc- ^ 
tion workpieces of nearly 1 cubic meter. 

s 

In 1976) the MM-26O machining center* which was first introduced in 1972* 
was adapted to a five-axis work capability. In the same year, K&T brought 
out an unmanned nachining ^stem consisting , of individual machining centers 
capable of operating virtually unattended under computer contrpl during night- 
time^ or other hours when skilled operators are unavailable. , The first such" 
system* involving six machines^ was sold to a Swedish firm; a second sy^steq^/ 
involving two machines* will b$ delivered to ajiother Swedish firm in M 978. 

The firm offers instruction in t^ie operation and maintenance of Its com- 
plete machining center systems* Such training is iit5>ortant because substan- 
tially higher costs areUncurred when something goes wrong with NC machining 
centers than with conventional ma.chine tools. 

* 

Trainee Qualifications . 

K&T advises prospective purchasers of NC systems to choose personnel with 
the following qualifications: * 

Opera 1 01: s : 

A knowledge of good machining practices. ^ 

knowledge of tooling and tool geometry* 
Proper use of mach^nist^ tc>ols. ' ^ 

A knowledge^g^ genial inspection procedures and methods* t 

Progyamers ; ^ , ' 

General education - High school grad^ate# including 2 years of mathematics* 

preferably algebra and trigonometry. 
General machine shop bac)cground and familiarization with machining procedures. 
Ability to read drawings. Z^^rs, 
Knowledge of tooling, tool design#*and process engineering. ^^^^ * . 

Ability to plan and organize work. , . . 

Good attitude and strong interest in the NC method of mahjafacturing. ' \^ 

Maintenance (mechanical and hydraulic) ; 

: ' ' % 

General education - High school graduate or trade training. ' , 
Minimtua^of 3 years perfointdng machine tool maintenance. 

A good working knowledge of hydraulics as apjilied to machirfe tools or equivalent. 
The ability to read assembly prints .and hydraulic schematics. . . 

Maintenance (control ) : 

General education ^ High school graduate* plus trade training in a technical 
school Qr college. ' * ' 

/ 
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ft 9GOd understanding of aODC electricity * ^ 
A good working knowledtge of indtustrial electronics.' < 
Electrical an(5 elect^ronic experience as gaine(5 by working with machine tools 

or equivalent^application. ^ " , • 

Basic understanding of the principles of digital logic; 

Basic knowledge of the proper use of test equipment/ including oscillqscopes/ 
hi^gh-speedt pen recor(5ers, andt ,volt/ohmmeter. 

^ Experience in programing is not require(5, but experience in machining is 
necessary. K&T cannot (in a very short course) In^art the metalcutting know- ' 
how re^iiired by operators or the general machine shop backgroundt andt familiar- 
ity witJrliBchining proce(5ures suggested for enrollees in th4; programing course. 

During the period of an tfc machine warranty, purchasers can sen(5 two em- 
ployed tOk^each form of training offeredt by K&T. Because separate total sup- 
I>ort group^ are require(5 for HC, which can be viewedt as a "factory within a^ 
factory," smaller— and occasionally larger— con^anles send managers andt super- 
visors to learn how tp coordtlnate the machines 39 as to minimize interriiptioi^ 
and to findt out what types of support personnel are requiredt. Occasionally/ 
KfiT tests its customers' job applicants to help fiXl maintenance positions. 
Customers assume travel and living expenses for trainees/ an(5 K&T makes the 
living arrangements. No tuition is charged; presumably^ the cost of training 
is includedt In a machine's selling^price. 



a 



Custdmer Training . ^ . „ 

* *H * ' " 

About 1 month before a course begins, K&T sends out course materials, 
which trainees are esqpectedt to* learn andt on which they may be testedt. Witfi the 
exception of audio cassettes^ course materials are retaine(5 by the trainees. 

Instruction is offeX^ed in manual partes programing/ machine (or mechanical) 
andt hydraulic fnalntenance^ and control ^d electronic maintenance/ including 
machine interface. Classes Ideally consist of 8 to 16 trainees. Each course 
runs for 5 (5aySi To the extent feasible/ hafids-on instruction is" provittedt, 
along with vidteot-apes that show "how things work." The control course has a 
control in the classroom, iiaklng possible hands-on troubleshooting an(5 opera- 
tion with the computer. Trainees in the part programing course actually pro- 
gram a part. Th& videotapes allow trainees to see assembly and disassembly 
procedures of parts and components being machined at various stages of comple-* 
tion. 



K&T has 10 instructors. They are also technical writers who produce man- 
uals/ videotapes* and other materials for Jfc>oth training an3 machine maintenance. 
Trainees evaluate the instruction/ as do their eo^loyers/ once the trainees are 
back on the job. 



In-Hou8g Training . . ' * 

n 

According to one local union official/ • senior workers at K&T initially were 
reluctant to post for NC machine jobs, and they remained on conventional ma- 
chines by using their seniority to bump younger men. As- more of the newer jobs 
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opened up, however, and the tasks required became known, older workers were at- 
tracted to themt Although the new jobs are more demanding mentally, they are 
not^ as decmf^ding phys.ically. 

The machinists' business representative believes it is easier to main-^ 
tain the newer metalworking machines bec^se of their solid-state construe- , 
tion; the machines often can be, made operable merely by InBtalling a Qew cir-^ 
cult boardt He believes that, maintenance personnel ought to be trained to , 
diagnose electronic, mechanical, aatd hydraulic difficulties, however; in order 
to avoid costly downtime incurred when specialised repair pe^rsonnel /(who must 
wait for a correct diagnosis) are usedt . i » . 

< The machinists' ^.union encourages members to enroll in training, in order 
to keep up with changes in tettltnologyt K&T pays the tuition^ fox m&chinistjs 
who enroll at various vocational schools ^in the Milwaukee area. K^T also ^ 
offers on its premises continuing in^struction in blueprint reading, shop math,, 
^nd electrical and hydraulic applicatioi^St Instructors come from public 
schools, and equipment not in operation is used for hands-^on instructiom 



Machine ifesign To Accommodate Worker Skills t 

oraing to one product Manager , K&T tl'ies to tak6 into account the 
availability of skilled workers by designing machines simply so that less 
training is need for their ope^^tion and maintenance. The compjxterised NC 
machining cetiters contain thousands of components/ however, which makes it 
difficult to identify the source of system failuret [30] To herlp with this 
problem, t(&T developed the Diagnostic Communication System (DCS) to diagnose 
abnormal machine cond±tioh5 and tO' simplify preventive maint^nancet ' With DCS, 
an electronic probe placed in contact with- a customer's machining center uses 
the K^T computer that controfs the machine to send back to Milwaukee oscillo"" 
scopic waveforms that are pi;esent at the point of contact. By reading the 
waveforms, it is possible to diagnose potential or real problemst This saves 
customers both time and moneyt DCS is used on alhNC machiJning centers during/ 
^ the first year after tbeir salet tfost purchasers continu^^o subscribe to th^ 
service • * 0 / ' 

K&T* s ^programmable cycle controller, the Data Mill MDI Controller, has^. 
been on the market since l976t The controller (with its microprocessor) J.^^^ 
described as approaching HC capability' without NC cost .and complexi^ty. Cc^mr^ 
pared with NC, training on the controller is minimal^ a worker who has i^J^ejd * 
a milling machine can learn to operate the controller in 1 day, so K&T d^e^ 
not provide customer trainingt The controller ''automates'' a milling macliilhe, 
but uses simple shop language^-not a programing language-*to accomplish^'^)art 
programing via pushbutton input on the shop ttoor* According to K£tT, t±ie / 
controller can raise milling machine producti(^vity by about Vp percent ^om^ared 
to manual operations pro<iuctiv^yt ^ ^ t li 



One Metal Finn s Ad-pustment to Numerical Control * i 

The firm which is the subject of this case study prefers to be anoriymous; 
it is referred to here as MW, ^ 




Operations . • ♦ * 

MW is a large firm that makes a part for the pipes used to trans'port natu- 
ral gas^ The firm is cl^sified as a custom, or job. order, shop because its 
ctStomer^ dictate the parts and components it manufactures. 

AT^a job shop, MW has short production runs<^ It began using NC 10 years 
ago and.found tha^: i*^iiitpTOVHil'-fjroduct quality, incre^ed throughput as ^ result 
di improved ^*chip time,'* ^nd helped reduce set up, handling, and downtime. The 
firm finds it cost effective to use more than 15 Nc4nachines. These are mainly 
milling machines or turret lathes (with two or tUtee axes), but MC drill preSses 
are also in use. One NC is on adaptive control Computer-assisted -programing 
is used on all' but tKree of the machinps. 



Worker Skills and ^Planning for New Technology . 



f 



According to MW's manager /Df industrial engineering, the skills of MW's 
work force have*inf luenced the types of equipment the firm has parx:hased<^ 
Where highly skilled employees have been available (as in forging), the com- 
pany has used more sophisticated equipment. Although this is nominally more 
costly than matching less skilled workS^s with simpler equipment, the firm 
is more productive with the more .sophisticated equipment. ^ 

MW employees are given notice considerably in advance of technological 
changes so that they can become familiar with new equipment before it is - 
placed ip production. A foreman, department head, supporting departments, and * 
engineers all may be come\involved in informing and assisting the affected 
workers. 

The firm's initial adoption of itjyolved rather simple NC drill presses. 
This not meet with any .resistance among workers who shifted into program-t> 
ing-'a new xiccupational field for the firm. The move into MG machining had 
little to do with worker capabilities. Once it was^ determined that certain 
technical skills ivere . needed , a number of .employees, in-^cluding Some senior in- 
dustrial engineers, "simply had to do some learning." There-were no marked _ 
differences between younger workers atid those 45 years and ol'^der in capabi^li- 
':ies or ^n resi$trance tp technological innovations. 

. " 

Initially^ programmabltf controllers were not considered as an alternative * 
to NC. MW now has two of these, but not for the reason that minimal training 
of personnel would be involved, . ■ ^ ^ 

* 

Machinists selected for NC programing had to have a knowledge of mathe-* 
matics to Onderstand spatial relationships and geometric "patterns and h^d to ^. 
-^e able to, re^d blueprints. Most of the early 'programenp were new hires witb * 
^machining backgrounds. Some of the newly hired machinists and MW^ own en- 
gineers apd machinists received 2 weeks of^ training in program] i?,.for the 
NC machines at the Illinois Institute of Technology, HC was_ cuo ^dered such 
a challenge that the tq^nager of industrial engineering did some progr^^^g 
himself to^acquire firsthand knowledge. ^^^m 



-30- 



SkillSt SmployJRitj, and Training £or HC > ^ ^ ^ - . 

MW's -experience vith skill requir6meT\ts is probabljr typical of many- firms 
adopting WC: machine operator skill r'equirements have *|one down ^od maintenance 
personnel skill requirements have gone up. ^ftware developments have ^ grad- 
ually reduced skill T^quirement^s for 'NC programing; MW, along with alV'-'sof tware 
users^ has deve loped\ its own facilitating techniques / ^ch as. "canned programs** 
an'd "macros" (matjigijiatical descriptions fo^: machinifSg steps th'at are smaller 
than an entire program and are .used over and over^gaip). ^ 

No formal job evalu^ions have t>een used to determine wage rates on the 
t4C machinery; i!%te changes are i^egotiated in bargairfiog agreements. MW doe^ 
not have enough workers* on NC to affect its employment level significantly. 
Th^need ^or maintenance workers has increased somewhat and the nefllfd for ma^ 
c|:J;yte^^operators> has fallen somewhat; ttiere is nqfw a need 'for programers. t>n 
bal^ce^ employment has b^ea quite stable. 

Maintenance personnel still* require^some outside trainii^g^ but gene^a^^ 
only for a few days; ofieff, equipment vendors provicje ins'tructiort at the plant 
qn MV's machines. When new machines are installed, machittf' operators are 
given OFie**time training on tlife job. ^ 

Training req^iij-ements for programers diminished when the company decided 
to xe^oce the number of computer languages that were trsed. One reason this 
policy was adopted-t/as to minimize difficulties that result from switching to 
a language sys^tem that is incompatible with an important programing systettf- , 
already in us^. - ' , 

^ 'Bhe firm's industrial engin^A^s are encouraged to continue theij educa- 
tion and training in order to anticipate and prepare for technological changes; 
they are then able to instruct operators and line .supervisors » who are not in- 
vVolved with continuing training* , 



/*s manager of training' feels it would be highly unusual for workers to 
und^rtak& training on their own to prevent their skills from becomi^ng ()b^olete 
because of technological change. Moreover; because workers are also union mem^ 
befs (s^eve^ unions are represented at the firra)> he believas it would be arbi-^ 
trary for management to give workers tuition aid for enrolling in job-related 
courses.^ Such^aid> he *sai(i> must be-^s^ured through colleo^tiye bargaining. 
Generally/wQijfers enroll in a training co6rse-only if'Jtheir tuition is reim-_ 
bursed; •they^may also want to be paid for time spent in school^ as are appren- 
tices anfl some other employees. ^ ' 

■ ■ i- " • ■ ^' . ' • , : 
At, least tHree of the &even unign^^t MW are generally 



the measures to ai^d workers^^^t^u^d jusfytfc newtechnology: 



favorable totfard 



■* 1/ 



The, Machinists^ Union . Although MW^as ^ftlje right to^ introduce changes 
without giviag the union any advance nogJLce>. the/ ma^hinists^ union em- 
phasize^ its right to speak up or raise .issues ^regarding new working 
cronditibnS] including new wage rates. Normally, union committee 
(with repre'^ent^^jbv^'s^ from\more ^than one of- the -urtions) mjeets to dis** 
cuss ati ii^novati^TT^^ha firm has ^decided to adopt. 'Decisions are therT 



J 
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made'^^oncr^rnihg jurisdiction. For example, if stetalcutting equipmeht 
is^ installed, the macbinists have jurisdiction; if the sink^n|^o£ dies 
is involved, the diesinkera have jurisdiction. 

Apprenticesl&ips are not available to machin&'operators in the pro" 
ducJ:ion macbine shop. Howevfi^ in^hou&e training pro grams* have been 
offered, including on-the-job graining to upgradie operators^ into c^r* 
tain ciassifica£ion$> Tra^jpirrtg in the machi^fe shop xs achieved by a 
''piggyback** method, Vhifch resembles an apprent^iceship^ operators c]>^ 
serve qualifiecf machinists and ultimately try their own hands at a ma^ 
chine. Machine operators were helped to adjust to 'nC equipment by 
using the firm's several ^bi^gcing macHines or duplicators, ^chinists 
working as machine repairmen "^n^hydrauXic repairmen encountered 
**no real ppbbiem" in adjustingV'to NC. ? 

f , ' ■ n 

^ . According to the inachinisos' training representative, continuing 
education or training is nofyet neoessary for members of^hj.s uni^n. 
He observed that.KW teiaKJjr^es employees for completed job-related 
courses, tend he consider^ tlie overall program to l^e excellent. 



The Electricians Union . Major changes in electric^ ^intenance-** 
which IS performed by members of the electricians union-- 'l^^ok place 
following-, the introduction of machines. About one-third of the 
electricians Voluntarily^ over a l-'l/2^year period, completed four 
SO-*bour ele&tronics courses at a public technical college. MW 
worked with the college to develop ciMi^f^ized courses to meet it's / 
requ^irements . These included two courses in logic and switching 
circuits, which require Boolean slgebra. The union negotiated pay- 
ment by the company of 80 percent of 'fees and book ex^^enses. 

Some, but not a majority, of electricians who had worked for the 
firm for 20 to 30 yesr^ took the .courses; they experienced some dif** 
ficulty with electronics mathematiclp. (Not everyone who took the 
courses haS finished 1ri|h school.) Howeverj by studying together (n 
the classroom, shop^t plant, and even at home, all of those enrolled ^ 
completed the coursab. ( 

<Z7 . ■ • \ ^ 

The chairman o^ the electricians union also completed the .four 
courses. He thinks it would be. desirable for the^collegd to conduct 
sotfte evening^ sessions at the plant becaase some, of the equipment , is * 
highly specialized; MW*s 3pare equipment could be used to build up 
complicated circuits. ' ' 

Although management re^cogniz^s that highly skilled journeymen ; 
wiLl\be needed fol: evcrfving technologies, it disagrees with the uni'oji 
over the number pf apprentices needed to insure ^n adequate supply of 
maintenance persqnhfl. ^ 

The ProVej3i.5J>a4^nd^,echifigal Engineers Union . Only two programers 
in the, engineers unidi^ are involved with ,NC machinery ,. but other 
t&chnologicai changes have affected nMB|^f the union local's more 
than 300 engine&rs snd technicians. . SBently^ continuitlg education 
and training of engineers are encouraged^ through tuition refurids; it < 
is largely le£t up to the individuals to take the courses. 'According 
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to the cbairiDdii of lha unioii> a joint labor-management comntittee 
could deal more effectively with engineerin^traiiting than does the 
present effort. 



Advanced Technology at-rLehr^ a SmalL HachinQ Shop , 

I 

Like toany American contract shops> Lehf Precision Tools, Irfc, of Cinjcinr 
nati> ia amali in terms of dollar volume of output and number of employees.' 
Unlike most contract ahops^ however^ Lebr applies the most advanced forms of 
machining technology. Lehr recently acquired an Nd^machine^ and it is also 
involved in electrochemical' machining^ in addition to its traditional machining 
operations. ' ' ' 



Ope r act ions * 

Many contract shops are captive to a h^nd§ul of Single-industry contrac- 
tors>,a pitfall Lehr has avoided by ^.tabilizing^ita operations through five 
divf^ions. The precision tooling division, fiSm^which Lehr evolved, supplies 
Injection mold cavities and other products for nationally knovm manufacturers^ 
of consumer products^ including type^f riters 'and safety razors. The Arnold n 
^auge pivision> ^hich Lehr purchased 3 years ago> produces gauges that^ ^e 
distribii^ted jj^roughout the country. It makes a center-type 'grinder g^ge'that 
provides contirmous visual display and lowers costs through highaJ^ produotiv^tyi 
more consistent quality^ and lo^^er scrap loss. Another Arnold^ ^auge provides a 
fully automatic grinding cycle. A third division makes air gauges' u^ed by a 
major automobile manuf acturec^o chec^T diameters of components anfi parts. A 
fourth division j^oes all repairs on tlte inechanical parts for gauges on the 
grinders produced by Amajor Cincirinat^i^^chine tool builder. The remaining 
division^ electrochemical machinicfg (BCM)> is the most technological ly ad-^. 
VUnced of tde five> and i^ is the subject of this case study. 



IS 



Cost and Labor Factors io Electrochemical, Machining . 

Very few ^concerns are involved with ECM., Lehr's president had more tha* 
13 years of experience with a company that was a. primary , developer 'of the 
techn<)lq^y> and he was respPns'ible for establishing this dividsion at Lehr» 

^ECM equipifient is In limited dupply>«and the c^om for all e(^uipment needed 
is prohibitive for a small contract shop. Lehr^s president estimates tha"^ a 
typical 10,000-^aTftpere machine^ costsr nearly $123,000; the support systems nec- 
essary fot electrolyte clariTyLcation and temperature control raise the basic 
machine price by three 'to five times. ECM ma?hines also need ^Xtensi^^^^JQoor 
space, so machining firm^ must be able to c^nsttuct, or^at least modify, thefr 
equipment. Talented, all-around toolmakers^re needed to design, construct^ 
^nd opeifate the lAachines. Engineers who understand the mechanisms and have 
an extensive knowledge of electr^^nics are also necesaary. As Lehr'a presi<tent 
wrote ; , ^ . . 

The people directly involved with ECM must be dedicated and willing. ' 
to devote the' years necessary to understand the tooling and other 
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proiees requiredente. Thie ie not iremendouely "Sif f-erent from die 
^ des£giiiii''g or malJ* de'ei^ningi, but it iS 'a lot- more difficult th^n , 
I ^electrical diecharge machining conventional machining. [7] _ 

Lehr i6 topheavy with engineering employees. Even so, it must ship com- 
ponents for repair to one of two lllinpis firms ti>at pioneered in the technol-^ 
ogy; it would prfefer to maint^iiv its dwn^epair ^(^uipment ,in-house with its 
own electronics spe^ialisteT. * ' ^ - * * ^ 

Electrochemical Machining' s , Benefits^ and Probleijis . ■ 

ECM replaces, the "brute fofce and violence" hi traditional machining with 
the '*4Pol, steady, nqn-defprming magic" of*the highly focused deplating- action 
of electrochemical machining. Ideally; t^e removal of material atom^by^atora 
puts ho stress-'-and th^reforje. no distortion — on a'Wor4cpie(fe. ECM's capability 
for cutting on an entire svir|ace at the same time^increases machine produc-^ 
tivity*/ and ECM performd ^sbtn^ ..bas i^c machining operations (shaping, placing,, 
drilling, milling and grinding) more efficiently. {4] ECM can ^nake difficult 
cuts quickly in very hard metals, ^ i'ntrid^te formations, and small, odd-^shaped, 
and deep holes, which ma]j not be achievable by at^^^-ether machining method. 
Lehr's president notee-, however, that 'other eme^^^^S P^^^^^^^^ which'have 
fewer problems also minimize machihiixg. "If you get involved with ECM, you 
must want to make it work." 



^. The first piece turnetl out by ECHv^eqAJij^^gigdiote skill than is required 
in a traditional machinitig process because an Ofj^ratov imist .choose from more 
operating variables ^(iO^r so). The ^process is not economical^for less than 
20 to 30 simple parts; 100 pairt^^are t]^pically neede'd to justify using ECM. 
ECM'-i> marginally useful when it lowers costs^ by half^> to bl .really cost 
effective, ECM usually needs t<? effect savin*^ of three to five times. The 
process is^ i^ost effective in mass-^rodu^ing. cdbipXex shapes from materials 
that are difficult to machine. ^ ' - \ 



1 



Downtime with ECM is high.^ ''T<^lteBp it^rf^^rghej: than 20 percent, Lehr; 
muat control the whole process ;^eci'^el^> haadle tooling problems expedi* 
tiously, and control the ccmditipns of electrolytes* and several 6ther varia- 
bles. Extreme care must be tfk^^ to avoid metal lu;rgical damage from the cor- 
rosive solution (salt watej;") fli^t is used; .ECM is not electricity efficient, 
and. its profitability liec in maximUzi^* time ^ef f icien6y. 



Innovations ^t Lehr . 



Lehr exemjjlifies the belief the Chief, <^ffice of Invention and Innova- 
tion, l(atio:nal Bureau of Standard^j, ^that innovations usually arise within small 
companies. For example, /Lehr propc^ed the Department of Defense) a proto- 
type system with a programmable £onbr4tlei: capable of h'andling all the variable 
that ECM must deal with. .Lehr's. pi^s^^d^nt ^Iso hfpes *that the firm ultimatiely 
willime able to marry an HC cohtrol^t^'ECM to Inc^gase the uptime of the proc-^ 
^ss./ also feels tha^ firms must^b^ able a^f^pt to a possible push for 
shortar hours of work, wi£fr no reduction in pay; fc^ne wayto do this' is to make 
machining cyclea less ^^pehdent oiv of^e^ators by using programmable systems to 
control the cycles* ^ / ^ 



V/ork Force. 



ECM resembTes HC ittjthat it is^le^^ labor— intrens ive than traditional ma- 
chining. Lehr^s main plants wher^ precision. mact>ining and ECM are perform^d^ 
^employs AO people. The fe^rm's president, his^rother, and three others' are me- 
chanical engineers, ^le^ ^ngineerc> who are oriented to computej^s rather than to / 
material removal, a^. u^ally Involved in applied work. This^ along with avoitj'" 
ing the "frustrations of getting things done^' in a large company,* makes Lehr 
attractive to its engineers.> A Lehr ' draftsman who had worked for a large n^nu- 
facturlng firm with sizable defense contract's said he used to make ^drawings, for 
numerous parts bu't saw few of ' them -after they were built. At Lehr, he can fol- 
Icfw ^the progress of a prart on the" shop floor and make slight' changes or correc^ ^' 
tions to hia design; 

Because Lehr employees wha work in ECM also work in traditional machining^ 
they must have a variety .of skills. The sane earning scale prevails for workers 
in ECM and traditional machining^ but ECM workers are paid somewhat more over-^ 
time. When the ECM divi^iorias busy, it has the exclusive use of five machine 
op€rators and eight toolmakers; the engineers. also pitch in on operator tasks 
when special problems ari^ei. 

According to Lehr's president, some workers feel comfortable, secure^ and 
content in repetitive work. He considers it a mistake to downgrade repetitive 
work and makes a point of praisings employees who do such work well. After all, 
he observed, the firm makes its ^'real money'^ on items producefi in large quan- 
tity (or in long production runs) bec^se these are the conditions under which 
a firm '*knows its costs.'*' ^^^^ always uncertain whether making one OV 'twp so- 
called experimental items wilT lose or make money. 



' Training * - _ j 

Training (and learning) at Lehr'' is an intensely interpVrsonal relationship 

that takes place over a long period of ' time. Hew employees have high school 

or post-high school educations that" include good shop' programs. Usually^ they*^ 

have not^ worked -for large firms, where jobs are likely to be specialized'. Spe- 

* cialization runs counter to the demands a small concern makes upon loost workers. 

Once an employee in a small shop becoiite^^'prof icient, however^ he has more opporr 

tunities to advance, into, better paying positions than he would in a lar^e firm. 

^ • 

The president of Lehr, who is still involved in "all tool design 'along vith 
another enginSer, works closely with personnel before they are tnfained in ECM 
by '^rCinning through" the first groups of various types/of parts with them. He 
observed; "Our p^opYe work best when we work shoulder to shoulder vith them; 
then they understand the economic problems of getting parts right jind shipping 
them/' (This bears-^ Some relation to the reflection of the chairman of the 
Nationa/V-Commission for Manpower Policy regarding some of Japan's baBt <tlanaged 
firms: j recoil seeing plant engineers hold regular sessions vgLth semiskilled 
workers to elicitNjieir recommendations about mate^rials, adjustment of ^e 
chines^ and other details aimed at increasing the firm's 'productivity." [23]) 

AH of Lehr's ECM training for toolmakers and machine operators occurs op 
the job. ^ Toolmakers build upon extensive experience in conventionlil tooling. 
'The best* operators are thc^e who have capabilities fi|[j^ obser^ng and analyzing. 
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The actual learning process is in the doin5""a Wt of cut and try, including 
errors;" Ho special problems have been encountered in training older workers, 
but they are not assigned to ECM positions involving 4ieavy labor/ 

* Because the ga^oge manufacturing division often turns oUt hundreds of the 
gauges at a tiine with traditional tooling, workers are able to drill many 
holes* This provides a training ground for inexp^ienced young emploi^ees 
because "after drillirig, hundreds of hol%s, you le^rn the fine details" of 
ho>e drillings " " ' 

Unlike some firmsy Leha plans to move right 4'nto computerized NC, Lehr 
will enroll selected employees in an NC coSrse offered by a private concern 
in Cincinnati^ According to Lehr*s^presiderit, younger workers or those with 
recent ii(lkhema;^ics .are most likely to be interested in working with NC. Two 
or three key ^rsonnel — including the firm's president or his brother — plan to 
.attend a training session on operation and maintenance offered by Bridgeport 
"Machines, the NC manufacturer,^ * ' ^ 

"Because Lehr*s presiden^^^IJ,eveS that the h0g!fest challenge iri developing 
a work force is not training people to do their *?obs, but training people to 
work with other workersy about 10 of the company'.s group leaders will partici- 
pate in an externally conducted program on interpi%:sonal relations, In-this 
way, Lehr hopes to build the larger supervisory and managerial base it will 
need to expand the firm, (Lehr's "experience is supported by a Department of 
Labor survey*of training in'metalworking; "Relatively few ett^loyers provided 
trainiilg in leadership, communication skills, and labor and materials esti** 
mating." J63) ) 

\ 

Merriman Develops Skills for P owder Metals 
^ k — — — >. , 

Merriman Inc, located in an indus,tr"jLal park in Hingham, £las^>, became a 
part of Litton Industries m 1968, The firm, has always depended upon a" 'work 
force of craftsmen. It began by manufacturing megaphones and, ^t the start of 
the 20th centuryy produced an all-weather navigation fog-war^itig system for 
Boston's harbor islands^ Merrinfan invented and patented an oil^less bearing 
called Lubrite, which w^ first used in yacht blocks'- Todayy the bearings are 
found on offshore drilling rigs and fn copiponents of the U,S* Space-Shuttle 
pro-am* 

y 

Powder Metal Operations > 

^ . ' ' * 

During the early 1930s, Merriman was ai^ng the first American firms to 
turn to the powder' metals (P/M) process to manufacture parts* Ten years later, 
'the concern began producing textile ringSy which spin or twist fibers together 
, and wind them into thread* By forming the rings by the P/M process, a level 
of oil could be maintained within the ringy this film of oil retards wear on 
a traveler that moves at speeds of 30^000 RPM as it, guides yarn onto a bob,- 
bin- Certain parts, including self-lubricating bearings, can be made effi-^ 
ciently only by powder metallurgy*. The heavy components division of Merriman 
produces objects weighing as muGh as 15 tons^ but these require as^much fine 
quality' workmanship as pa;:ts weighing less than 5 poun^* ^ r 
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Because P/M is not used widely/ Merritnan must "educate" design engineers 
about th^ process' flexibility and economy. p/M-produced pa^ts are much strong- 
er than plastic or. cast iron parts; it is designability that^is the main advan- 
tage of the process. P/M allows parts that are functionally indistinguishable 
from machined parts to be fashioned with little or no machining. Merriman 
engineers were among the first — in the early 1940s--to learn the technique of 
forming helical gears/ in which the teeth are at an aj^gle; this is a feat still 
rarely duplicated in the industry. The firm also specialises in the Bxanufac- 
ture of spurical gears/ which Combine the helical gear with a straight-tooth 
pinion gear. Merriman manufactures p/m parts in ferrous and nonferrous metals, 
primarily for pow€fr tool equipment and busines^s machines/ but also for autoino- 
biles (the major user of P/M parts^ nationally^ and garden equipment. All parts 
are made for non-Litton firms. 



Monitoring p/M Technology . 

The president of Merriman described p/m as "somewhere b^ween b^^ck magic 
a high-technology industry." P/M machines have become increasingly intri- 
c^e/_ and the equipment that produces P/M parts needs continuous fine tuning, 
which cannot be done by NC or even programmable controllers. 
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The technology for making/'a P/M part has not changed radically during the 
past 20 to 25 years, with the exception of some improvement in powdeirs/ which 
has increased the scope of what c^n be produced. Merriman maintains a labora- 
tory where powders are checked for strength and "growth," that is^ changes 
that take place in the process. At least 30 percent of the parts produced by 
the P/M process require seconjJary operations such as oil 'in^jregnation/ drilling/ 
tapping/ fine honing, . and ^irdmbiing. ^ ( 

Merriman has 30 presses, of which 60 to 65 percent are in running order 
at any given time. The industry*s standard is about 50 percent. Because P/M 
is a highly capital-intensive process-rMerriman has several 100-ton , presses 
that co^t $250/000 each — whenever possible, three work shifts are needed to 
joake the investment economically feasible. Hundreds to several thousand com- 
plex parts are mass-produced each hour. Although the P/M process produces 
little scrap/ it does have problems — tool wear/ breakage, and frequent pre- 
ventive maintenance — because powder metals become lodged in the presses so 
they cannot operate at peak levels of performance. ^ 



Work Force and Skill Composition. 



Because of the characteristics of p/M machinery, the demands of customers/ 
and the increasingly complex applications, exceptionally skilled individuals 
are ^eeded to set up the presses and keep them running. MerriiflSlT^^P/M divi- 
sion en^loys 55 people, exclusi^ve of engineers aj^d managers. Although P/M 
division workers are members of a machinists local, they ^o not have the title 
of machinist, p/m .employees include the following: 



Machine or press operators- 
Set up specialists 

Toolroakers 1^--^- 
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Furnace operators 

Furnace, helpers (material handlers) 

Maintenance persons- 



6 
3 
2, 



Machine Operators , ^flachine operators in Merriman^s traditional machine 
shop &re. trained to opi^ifate various machines, including drill presses, lathes, 
^millers, and grinders, but P/m division operators handle p/m presses only. A 
variety o£tp/M presses exist, but thje operator's job is considered much more ' 

automatic"- than that of the set up specialist. Press operators may or may 
not bid £o^ higher skilled positions of toolmdker \or set up specialist, when 
vacancies exist. Seniority plus a written test^^letermine acceptance. Sever- 
al women press operators were hired during a labot: shortage in. 1966. Six wo- 
men^now work on presses, and although they are not assigned heavy material* 
handling tasks, the firm-is pleased iJtth their perfbrmance. ^ ^ ^ 

Press operatars must make sure that parts have^the "correct integrity," 
but, as a rule, they do not make any Adjustments in the procj^&s. To reduce y 
costs, Merriman has sometimes coupled ^wo presses that can be tended by a sin* 
gle operator. ThV possibilities for Merriman's automation operations a're lijn- ^ 
ited, however. The pa^l^ produced are quite intricate, and some of the presses 
are h'i-ghly sophisticated (operating at different rates, while pressing, out 
parts with about 35 tons of pressure per square inch). 

Set .Up Specialists . Unlike press op^jrators, set up specialists tmist under- 
stand the p/M process. One s'et'up person services four pr^^iM. A "really criti- 
cal*' skill involves placiiig tools or dies in a press. Tooling is carried out 
piece by piece;* the pieces bect>me part of the press. This is more complex than, 
say; a stamping process. * , 

The set up specialty has been described as a craft requiring a sixth sense. 
The specialists can call upon a maintenance person when they sense that some- 
thing is going awry in the equipment they monitor. Merriman's president sug" 
gested that it might make sense for presses to be operated 'by set up specialists, 
since tHey are more likely than press operators to detect Anything unusualin 
the Equipment's operation and have it repaired before a more.serLoy^ difficulty v 
occurs. ^ ^ 



The union recognizes that set up specialists are needed to operate the 
presses When the work load is heavy; but if set up persons regularly operate 
^presses, they would expect to be paid at their normal rate of pay, which is 
$1.50 hi^er £han an operator's hourly rate. Merriman's president was not sure 
that specialists would be willing to operate presses on ^ permanent' basis. The 
firm has a problem o£ holding onto set up specialists who desire better paying 
supervisory jobs but cannot be advanced to ttjero. There is also the question ^f 
whether press^ operators could become proficient in the set up^position. 

Toolmakerd . The highest paid, and presumably the highest skilled wori?fers 
N^n the P/H division, are toolmakers and maintenance pers6ns. Basically, tool- 
mS^^ing with P/H neither demands^^ more 'skills nor is harder than j. Jiaary tool- 
maknti|. According to a Merriman foreioan, a toolmaker with basic skills shoald 
be abue to adjust to the p/M pjjcjcess after, about 3 months. Probably half the . 
firm'^ toolmakers started out in non-P/M positions. 
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Furnace Operators and Helpers . Furnace operators and^ furnace helpers are 
responsible for giving a part "some integrity" by fusing tlie parts via sintering. 
Workers, who initially may be clsssified as material handlers, work under close 
supervision and train informally o,n" the jolx. They progress into such responsible 
tasks as making temperature and atmospheric adjustments on the furnaces. Once 
they become coinpetent in^such monitoring functions *as starting and proper loading 
of furnaces I .they are classified as lead persons. 

* 

Maintenance Employees . Slcil iBd maintenance persons are an inqjortant re-* 
quit;ement for P/m operat4ons; the equipnient (by usual equipment standards) 1.5 
considered frail. Piping and machining maintenance is carried out by Merriman's 
employees, but electrical and plumbing repairs^.and even some mechanicsl mainte^ 
nance^ are done on a contract basis; 



Fonna^lization of Training . ^ 

Merriman's manager of industrial relatioT>5'Nr£ports that internal training 
is the principal ^ans of preparing and upg^din^ workers in this' industry of 
only some 100 firms. More promising employees can be enrolled in set up^pecial- 
ist training programs that are provided by 'press manufacturers. Press operators 
do not require much training; it can be provided ori the job. 
/ 

Apprenticeship Program ., The major formalization of training was initiated * 
in May 1973. This was an apprenticeship program. for the set up specialist *posi-* 
tion. The set up specialist apprenticeship requires 2,000 hours a year for 3 
years. Technical instruction consists of at leagt 144 hours a year; it is 
considered regular, worktime and is credita^lf to the 2,000 hours a year. ^ 
The ratio of apprentices to journeymen is determined by Merriman's expected 
need for ^utnjeymen and, as. a rule, does not exceed one apprentice for each 
set \ip journeyman. ' * * 

As part^^of %he regular bargaining , agreement, 'Merriman and ita^^-'^^ion ac" 
cepted Federal apprenticeship standards.? A supervisor of apprentices insures 
that apprentices receive, the variety of work experiences that ^re described 
in the apprenticeship standards. . The union's business agent hopes that some 
af the admittedly busy technical taa'nagers at Merriman will be njade available 
on^ a regular, basis to explain the entire F^/M process to apprentices^'* 

Technical, or related instruction/ wfiich once was provided by public voca- 
tional schools, was discontinued becau>?_ of the small number of workers. 
instruction is carried out by corresponajifnc^e courses covering— such topics Us 
mathematics and blueprint reading. Instruction in blueprint reading also'is 
offered occasionally in the firm during nonworking liours. ^ 

Jouprieyman Training . Jourrteymen who have completed an apprenticeship con" 
tinueJr6 receive training informally through job experience. The union favors 
<;oiitTnuouS"bu t informal training and hopes that will be extended to inain" 
k^ance personnel so that more P/tl equipment can be serviced by persons on the ' 
regular payroll. From the union's point of view,finformal j^rneyman training 
may Ije more practical than a more structured program because operation, special- 
^tzation, and problems differ among various firms. However, the union's pref- 
erence for informal training may be partial ly ^raotivafed^ by " a desire to exclude 
training 'from collective bargaining negotjLations. 
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•IMPLICATIONS FOR PRODUCTIVITf AND THE QUALITlf OF TORKING LIFE 
IN'tHE METALWORKlNG INDUSTRIES 



The New' Technologies 

• Manually operated toachine tools will undoubtedly remain in competitive 
♦use, but American firms will h-ave to adopt aumerically controlled ma*" 
chines and other technologies if they hope to^stay abreast of foreign 
manufacturere* ^ ^ , * ' 

• Programmable controllers may offer a bridge between .conventipnal and 
numerical control machining. Large-size firms have found them extreme" 
ly productive* and they deserve consideration -by small- and medium-size 
firms .engaged in small~batch production. They appear to require^|ess 
training and maintenance than numerical control. ' — 

• 

The programmable hand calculator is another low-cost technology 
with potentially wide applicability to firms of all sizes. 

Employment Relations * 

• Small metalworking firms can stabilise their operations and employment 
by not becoming captive to a handful of contractors in/one industry 
and by not being highly specialized in the products they make. Stable 
employment can encourage firms to undertake the expense of providing 
workers with ,ongo"ing training fo adapt to new technology. 

• Some American fifms resenfble the "best managed firms'\of Japan, in 
which plant engineers elicit the suggestions of even semiskilled 'work- 
ers regarding materials, machine adjust'ment> and other factors which 

, can lead to higher productivity. 

• Activities concernejd with productivity and job satisfaction can be 
dealt with by a joint labor-management committee* which handles issues 
not covered by collective bargaining agreements. A union leader in one 
case stud"y thought that continuing education and training could also be 
handled more eTtkctively by such committees. ' 

^\ 

4 Most metalworkers within, small firms are expected to perfopn multiple 
functions, but some jobs within even -a ^small metalworking firm do in- 
volve quite limited, repetitive tasks. In soms cases, these jobs 
vide certain workers wit:h security and contentment. It may be a mis- 
' take to downgrade all repetitive work; instead^, recognition should be 
given for^all work well'done. , 



*^ Training New Metalworkers 

%^rtain educators and industry representatives maintain that an ade- 
quate supply of trained personnel will depend upon providing high 
school students , with '^technological literacy" and preemployment prep- 
aration. A "World of Manufacturing" program* developed witfh U.S. 
Qffice of Education^ funding, is designed to do this. The program has 
been widely applied in t^he nation*s junior high schools. Extension of 
an advanced version of the* course for high school students merits re-i 
consideration by Federal education officials. 

Expansion of the pre employment draining programs conducted for the E>e- 
partment 'of Labor by the National Tool,, Die and Precision Machining 
Association deserves consideration as a means of assuring an adequate 
long-term ^supply of skilled workers in matalworking. These programs 
combine school instruction with on-the-job training for economically 
disadvantaged persons* ^ ' 



A machine tool builderjias raised^ its retention rate of women and 
minority en^loyees with rwC^P^ior^ 30b experience by placing them in ves- 
tibule training^ 



A survey of corc^r\y education and training programs showed major inter- 
est in devisifvg practical programs involving minimal outlays. Covsp^- 
nies prefer short-term courses^ self-study mterials* artd use of opera- 
ting specialists and managers^ rather than professional educatorsT 
Mare firms within metalworking laight become int^res*ted in expanding^^H^ 
their training* if they were familiar with one form of the short-term 
course—the training module— which may be defined as a "unit of needed 
information and/or skill that has been translated into O^.^lt of study." 

Additional firms might undertake to train apprentices* if the train- 
ing period were shortened. Some firms have already found this to be 
cost effective. The Federal Bureau of Apprenticeship and Training has 
approved shorter apprenticeship programs if apprentices can be shown 
to learnvfaster than in the noritally prescribed periods. 

It was noted in one case study that 'the greatest challenge is not in 
, training people to do their jobs but in training people* to work with 
other workers. This confirms the finding of a national survey that 
there is insufficient training in leadersfiip^and coimtunication skills 
among the bulk of the metalworking firms. 



Training Metalworkers ior Jbhe New Technologies, 




The know-how required^ by, a skilled machine operator cannSt-ilSf^linparted 
through a short training course, but persons with a genera rnnachine shop 
background and only a modest mathematics backgroymd ca*> be ^taught to pro- 
gram in a rather short period of time. 



Controlled teaching experiments have ^hown that manual programing an^ 
maintenance of numerical control equij^ent can be taught n^ith about the 
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dame effectiveness simulated numerical control equipment as with 
actual equipment, which is more costly^ 

If workers are insufficiently trained* and therefore less productive, 
firms may have to hire more workers than they would if they had e 
skilled work force^ Training and retraining are necessary to jdeal with 
CTie skilled worker shcnrtage* Multiemployer cooperation in providing 
/qualifying training wi£hin 'at^east two large metropolitan areas is 
one means of achieving more training to help replace the mai^^^^illed 
vorkers who will^retire^ 

A work force must be ready to devote several years to learning the 
tooling and other process requirements for electrochemical 'machining, 
a method which is much more difficult than conventional machining^ A 
small firm laay also have to employ people who can construct or modify ^ 
costly equipments ^ 

The* manufacture of powder Eoetal parts iB highly specialized; only 
about 100 firias use this process^ Therefore, much of the qualifying 
and upgrade training for workers ^earning powder metals technology 
must be done by* the firms themselves^ 
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Working paper. 

"Labor-Management Cooperation: 4 Report on Recent Iifitiatives, " from 
the Monthly Labor Review , April 1976. An overview of labor- 
management cooperation in the United Scates. Covers the B&O 
**Plan of tlie 1920s, World War 11 experiences, and current experi- 
ments in the automobile industry between 'the UAW and General Mo- 
tors, Rockwell, and Karman; in the steel industry between the 
United ^teelworkers and 10 major companies; the Jamestown, New 
York, areawide conmiittee; and others. Includes a summary of a 
BLS study on a sample of committees for which provision? were 
maae in collectiv^^^rgaining "agreements. Also "contains a sec** ^ 
tion on the outlook ?or future ^cooperative efforts. 

"Labor-Management Cooperation Today," from the Harvard Business Review , 
' February 1978. , Reviews progress of labor-management cooperative 

efforts and cites experiences of companies^ unions, communities, 
and States to encourage formation of joint in()lant programs to im- 
prove economies, save jobs', and combat unemployment. 

Labor-Management Committees in the Public Sector: Experience of Eight 

Committees . 1975. Based on interviews with practitioners. De- 
scribes the experiences of eight labor-management co^ittees in - 
various local govermnent3^and Federal agencies. Intended as a 
guide to initiating joint committees to improve employee morale 
and productivity. 

Labor-Management Productivity Committees i,n American Industry . 1975. 

Review of the limited U.S. experience in the use of labor-manage- 
ment committees to deal with production and related problems. 
Begins with committees set up ia the 1920*s and 1930*s; describes 
the joint committee effort during World War II and postwar ex- ' 
perience with the Scanlon Plan^^and committees in govemtbent; re- 
, views recent cooperative initiatives in basic steely retail, food, 
trucking, railroads, and other a^e^s. . ' , 
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Boployment Security and Plant Productivity Committees in the Steel Indus- 
try* 1974* A presentation by I. W. Abel, president/ Unite'd Steel- 
workers of America, and vice chaimian o£ the National Commission ' 
on Productivity and Work Quality. . Describes labor and management 
experiences in the steel industry with the CiDpioymeat Security and 
Plant Productivity Committees which raised productivity levels and 
provided the foundation for'the historic Exp^riment;al, Negotiating 
Agreement" of 1973. 

A Plant-Wide Productivity Plan in Action: Three Years of Experience with 
the Scanlon Plan . 1975. Describes the Scanlon ?lan and its im- 
pact on productivityat DeSoto, Inc., a large manufacturer of 
paint, over' a 3-year peribd* Results showed pro.duct ivity gains 
as high as 41 percent, and hi^h levels if satisfaction with the. 
plan on the part. of both management and workers. Factors affect- 
' ing worker acceptance of the ^plan are analyzed. 



Other Agencies 

Management Rights and Union-Management Cooperation , U.S. Bureau of Labor 
, Statistics, Bulletin 1425-5-, 1966. Contract clauses pertaining 
to management rights and union-management cooperation. Available 
'from the Government Printing Office. 

Improving Productivity: Labor and Hanagem^ent Approaches , U.S. Bureau of 
.Labor Statistics, Bulletin 1715, 1971. Examples of formal ef- 
forts by labor" and matiag^ment to improve * product ivity" through 
collective, bargaining treasures or by special arrangement between" 
unions and management outside the bargaining table. Prepared for 
the National Commission on Productivity. Available from t\e Gov- 

* ernment Panting Office. 

Labor-Management Committee: Planning for Progress , FederaJL Herfiation\an^ 
Conciliation Service, 1977. How to determine need for and obtfiin 
agreement and commitment -t.o a labor-tftanagement committee, with* 
^ ^ sample format of bylaws for and contract language establishing a 
jpint committee. Available from the Government Printing Office. 

Report and Recommendations , National Commission ^or Industrial Peace, 

1974.. Recommendations regarding Federal activities to encourage 
the formation of labor-management committees. Available from the 
Government; Printing; Of f ice. % , * * 
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